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1. OxJB knowledge of the atmosphere, as revealed to ns 
by the united aid of Chemistry and FneumaticSy is one of 
the greatest triumphs of modem science. It -was not until 
the close of the last century that air was removed from the 
list of ancient elements, and was proved to consist of two 
gases of essentially different chemical properties Its physical 
properties were discovered earlier; but our present extensive 
knowledge of the atmosphere, considered chemically, physi- 
cally, and meteorologically, is chiefly the fruit of modem 
investigation, the result of improved instrumental aid and 
methods of research. And it is natural to suppose that the 
working parts of so vast and complicated a machine as the 
atmosphere, which can be scarcely said to appeal to any one 
of our senses, should remain much longer unknown than the 
properties of solids and liquids, which are so much more 
obvioua Even the heavenly bodies, although appealing to 
only one of the senses, and removed from us by vast dis- 
tances, are calculated by their beauty and the regularity of 
their motions, to attract attention, much more than an in- 
visible attendant, which, although constantly present with 
us, performs most of its varied offices in silence and in 
secret. 

2. The atmosphere, or sphere of gases (arfAoi), is the general 
name applied to the whole gaseous portion of this planet; as 
the term ocea/n is applied to its liquid, and ^omoS t«^ ^^ ^i«^^ 
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2 HmOHT OF THE ATHOSPHERB. 

portions. Being much lighter than either land or water, it 
neoessanly floats or rests upon them ; but, unlike the ocean, 
which is confined to the depressions of the solid sur&ce, and 
covers only about three-fourths of it, the atmosphere is in 
sufficient quantity to cover the highest mountains, and to 
rise to nine or ten times their height above the searlevel, so 
as to form a layer over the whole surfiice, averaging probably 
between forty and fifby miles in thickness ; which is about as 
thick in proportion to the globe as the liquid layer adhering 
to an orange after it has been dipped in water. The accom- 
panying figure wiU ooayey an idea of the proportion which 
the highest mountains bear to the curvature of the earth and 
the thickness of the atmospherOb The concentric lines divide 
the atmosphere into sax layers, containing equal quantities of 
air, showing the great compression of the lower layers by the 
weight of those above them. 

Kg. 1. 
Supposed height of the atmosphere. 




Andes, Himalaya, 

3. The atmosphere consists essentially of two gases, called 
oxygen and nUrogen. In its pure state oxygen is remarkable 
for the energy with which it promotes combustion, respi- 
ration, and other chemical changes. An iron or steel wire, 
heated to redness at one extremity, and plunged into a vessel 
full of this gas, will take fire and bum brilliantly. If an 
animal be placed in pure oxygen, its pulses will throb with 
increased rapidity, and it will die firom excess of vital action. 
The properties of nitrogen, on the contrary, flppear to be of 
a negative character. It supports neither combustion nor 
respiration, and on the latter account it was formerly called 
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azote,* It does not appear, however, to have any poisonous 
properties, like some other gases ; an animal cannot liye in 
it, simply from the absence of oxygen, not because nitrogen 
is in itself prejudicial : on the contrary, its uses in the at- 
mosphere appear to be simply those of a dilutent; it subdues 
and modifies the actiidty of the oxygen, and for this purpose, 
exists in much greater abundance. Every atom or particle 
of oxygen is accompanied by four atoms or particles of 
nitrogen; that is, if any measure or volume of air be sepa- 
rated or decomposed into its component parts, the nitrogen 
will occupy four times as much space as the oxygen. It is, 
however, an important property of gases to mingle, or be- 
come diffused, together so intimately, that, although oxygen 
is somewhat heavier than nitrogen, these two gases always 
exist in the atmosphere in a state of mechanical mixture, in' 
the p^portion (^ 1 to 4, and this without any regard to the 
localities from which samples of the air may be taken. In 
the crowded courts of our metropolis, as well as in the breezy 
downs of the countiy, in the arid deserts of Arabia^ in the 
open ocean, in the polar regions, at heights accessible only to 
the balloon, in the £Bver hospital, and in the flower garden, 
the proportion of these two essential ingredients of the at- 
mosphere remains constantly the same. 

And this &ot will appear the more wonderful, when we 
consider the innumerable sources of vitiation tending to de- 
etiroy the useful properties of the oxygen, by depriving it of 
its powers to support life and combustion. Indeed, these two 
very actions are the chief means of vitiating it, for during 
the combustion of our lamps, and candles, and fuel, and 
during the respiration of animals, a quantity of carbon is 
liberated, every six parts of which, by weight, unite with 
16 parts by weight (or about 3,600 times their own bulk) 
of oxygen, to form a compound gas called coffhonic acid, 
which resembles nitrogen, in not supporting «.mTUftX V^^^ 
or combustion; but differs from it m Vsoi^ wJedSX^ ^av 

* From a 5wil, prwatWe ol"\afe. 
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water, having an acid reaction, and some other characteristic 
.properties, which readily distinguish it from that inert ele- 
ment. Carbonic acid is always present in ihe atmosphere in 
smaU but varying quantities; and it is because the quantity 
is liable to change that this gas is not reckoned as one of the 
essential constituents of the atmosphere. In 10,000 volumes 
or measures of atmospheric air the mean proportion of car- 
bonic acid is only five volumes ; the proportion, however, is 
subject to constant variation, from 6*2 as a maximum to 3*7 
as a minimum. Near the sur&ce of the earth the proportion 
of carbonic acid is greater in summer than in winter, and 
during night than during day. It is also rather more abun- 
dant in elevated situations, as on the summits of high moim- 
tainsf, than in the plains ; and although this gas is consider- 
ably heavier than its own bulk of pure atmospheric air (its 
specific gravity being about 1*52), yet it appears to be dif- 
fused through the whole mass. 

When we consider that the innimierable animals which 
inhabit both the land and the water all depend more or less 
upon oxygen for their very existence; that combustion of 
various kinds, as carried on in our daily operations ; that fer- 
mentation and other processes all consimis immense quan- 
tities of oxygen, i. e. convert it into steam and carbonic acid, 
chiefly the latter, it does indeed appear wonderful that the 
quantity of carbonic acid in the atmosphere should be so 
small. By a beautiful arrangement, however, the carbonic 
add thus formed is made to be the food of the vegetable 
world« The green parts of plants, under the influence of 
light, absorb carbonic acid, retain and assimilate the carbon, 
and restore the pure oxygen to the air. During the night, 
however, plants absorb oxygen and give out carbonic acid ; 
but in the course of the twenty-four hours they give out con- 
siderably more oxygen than they consume, and in this way 
a compensation is made for the loss of oxygen occasioned by 
respiration and combustion. 

The atmosphere also contains a variable quantity of 
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aqueous vapour, arising partly from combustion as above 
mentioned, but chiefly from contact with the sui&oe of the 
sea, lakes, rivers, and moist soil. In 100 parts by weight of 
atmospheric air the mean quantity of watery vapour is 
nearly one part and a hal£ The amount, however, varies 
according to the temperature. At 50° (the mean temperature 
of England) the air can contain -rf?^^ ^^ ^^ weight of water 
in an invisible state^ without forming cloud, mist, or rain. It 
does not always contain so much, but the quantity cannot 
exceed this, without a portion being precipitated in a visible 
form. At a higher temperature, however, more vapour 
could remain invisible ; thus at 82° (the mean temperature 
of the equator) the air may contain as much as ij^^rd of its 
weight of invisible steam ; and air that contained only -rl^th 
would be injuriously dn/j though the same air cooled down 
to 50^ would be at its maximum of humidity. 

There are other accidental ingredients in the atmosphere 
which are too numerous and in too small quantity to take 
Etccount o£ • As the sea contains a little of everything that 
is soluble in water, so the atmosphere contains a little of 
everything capable of existing in the gaseous form at com- 
mon temperatures. Ammonia, which is a compound of 
hydrogen and nitrogen, is present in the atmosphere, and is 
supposed to be the source of nitrogen in plants ; while in 
crowded cities, and in the neighbourhood of gas-works, 
smelting-lumaces, sewers, stagnant pools, sulphur springs, &c, 
there is much local contamination of the air from the pre- 
sence of different gases. Various forms of infection, malaria, 
sind marsh-miasma probably arise from the presence of 
noxious gases in the air.* 

4. This invisible compound fluid, the atmosphere, ]:)0ssesse8 
many of the properties of solid matter, and also many that 
are peculiar to fluids. In a former treatise the chief proper- 
ties by which solids are distinguished from fluids were 

* The chemical history of the atmosphere is giten more fully in the 
lather's Rudimentary Treatise on Warming and Yentila^QiXu 
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9 IMPENETRABILITT AKD WEIGHT 

pointed out ; but it is now necessary to consider these 
and other properties more fully wifch reference to the 
atmosphere. 

In common with matter in every state, the air possesses 
impenetraMlitf/. It is obvious to the senses, as far as regards 
solids and liquids, that no two bodies can occupy the same 
place at the same time ; in order that one body should 
occupy the place of another, it is obviously necessary that 
the second should move away or be displaced ; but the evi- 
dence of the senses fails us in the case of air. If we step 
into a bath completely full of water, a portion will overflow 
precisely equal in bulk to that part of the body which is 
submerged ; the same thing takes place in an empty bath as 
it is called, or a bath full of invisible air, and hence called 
empty. "When a person enters a room, a quantity of air 
precisely equal to his own bulk is displaced, and escapes by 
the door, or window, or other opening. But the proof of 
the impenetrability of air may be made more obvious by the 
following experiment : — Plimge an inverted goblet into a 
vessel of water, keeping its edge horizontal, and it will be 
found that, to whatever depth we plimge the goblet, the 
water will not fill it entirely. The air will be compressed 
into a smaUer space, but not annihilated or displaced. At a 
depth of 34 feet below the surface of the water, the vessel 
containing the air will be half filled with water ; at 100 
feet it will be three-K][uarters filled ; at 1,000 feet it will be 
filled to within a thirtieth ; but even this small remaining 
space contains aU the air which previously filled the vessel, 
and in drawing it up again to the surface the air will expand 
to its original bulk and drive out all the water. In fact, we 
can only get rid of the air by indvnmg the vessel, when so 
much of the air as is below the level of the highest part of 
its mouth will rise in bubbles through the water and escape ; 
and in this way all the air must be deccmted or p<yured up 
before the vessel will be filled with water. 

5. The impenetrabilUy of air is alone sufficient to prove it 
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to be a material body, and, tbough formerly supposed to be 
without weighs, it is now well known to possess this pro- 
perty in common with matter in all other known states; 
that is, it obeys the attractive influence of the earth and 
gravitates towards its centre. The proof that air has weight 
will be abundantly shown hereafter, when we come to speak 
of the barometer ; but for our present purpose the following 
experiment will suffice ; — ^A copper flask of the capacity of 
100 cubic inches, furnished with a stop-cock, is flxed to one 
extremity of the arm of a balance, and accurately counter- 
poised by weights in the opposite scale. An exhausting 
syringe (an instrument to be 'described hereafter, 10) is then 
screwed upon the neck of the flask with the stop-coqk open, 
and by working the syringe nearly the whole of the air 
can be pumped out of the flask. On closing the. stop-cock, 
to prevent the admission of the air, and detaching the flask 
from the syringe, it is again weighed, and is found to have 
lost about 31 grains ; or, in other words, 100 cubic inches of 
air weigh about 31 grains. On opening the stop-cock, the 
air wiU be heard, to ruish in, and the equilibrium of the 
balance will be restored as before. 

If, instead of screwing the copper flask to an exhausting 
syringe we screw it to a condensing syringe, we can force or 
condense a quantity of air into the flask, in addition to what 
it naturally holds. After a few strokes of the condensing 
syringe the stop-cock of the flask is closed, to prevent the 
additional air from rushing out ; the flask is then detached, 
and hung to the arm of the balance. The flask is no longer 
counterpoised, but will require additional weights in the 
opposite scale-pan to restore it to equilibrium. If we again 
apply the condensing syringe to the flask, it will be foimd 
that every additional stroke of the syringe will require 
additional weights in the scale-pan to restore equilibrium, 
on account of the additional quantities of air forced into 
the flask. 

6, Here, then, is i^ very cleai proQSASaaX»^>w»^<si^!fi^> 



8 MOMEirruM of aib. 

and, in common with all heavy matter, air also possesses 
merticb, that is, it cannot be set in motion without the com- 
mimication of some force ; and, when in motion, it cannot be 
retarded or brought to rest without the opposition offeree. 
Its inertia (like that of all other bodies) is also exactly pro- 
portional to its weight ; and, as we have seen the latter to 
be very small compared with its bulk, a veiy small amoimt 
of force is sufficient to impart motion to a large bulk of air ; 
it obeys the laws of motion common to ponderable bodies, 
and its momefnJbwm^ or amount of force which it is capable of 
exerting upon bodies opposed to it, is estimated in the same 
way as for solids, namely, by multiplying its weight by its 
velocity. The momentum of air may be illustrated by the 
following experiment : — ^Plaoe three lighted tapers in a row 
at the distance of three inches apart ; then direct an un- 
loaded gun towards the centre taper at the distance of ten 
feet, and set in motion the small volume of air contained in 
the barrel, by discharging the percussion cap on the nipple, 
the flame of the centre taper will be blown out, without in 
the least degree disturbing the other two. Another excel- 
lent illustration of the momentum of air, and the fitdlity 
with which a rotatory movement may be communicated to 
it, is derived from the phenomena of smoke or steam which 
render the motions of the air visible. When bubbles of 
phosphuretted hydrogen burst in a still atmosphere, each 
one, as it bursts, produces a beautiM 
ring of smoke, expanding larger and ^* 2. 

larger as it ascends. The whole cir- 
ciunference of each circle is in a state 
of rapid rotation, as shown by the 
arrows in Fig. 2 ; it being this rota- 
tion, in fact, which confines the smoke 
within its narrow limits, and causes 
the circles to be so well defined. The 
same phenomena may often be observed ^^ 

in the first puff from the chimney of a 
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« maniifactoTy or of a steam-boat, and also from the mouth 

- of a skilM tobacco-smoker. In the firing of ordnance on 

■ a still day, these rings may be seen on a grand scale, and 

still more perfectly if the mouth of the cannon be greased 

and no shot employed. In fact, any force acting suddenly 

upon the air from a centre imparts to it a rotatory motion. 

The momentum of air is usefully employed as a mechanical 
force in imparting motion to windmills and ships; but it 
occasionally exerts itself with fearful effect in those strong 
winds or hurricanes which sometimes occur in the West 
India islands, where trees are torn up by the roots, buildings 
levelled to the ground, and where the sea is driven with irre- 
sistible fury over the desolated country. Such awful calamities 
are caused by the momentum of the air being greater than 
the force by which a tree clasps the earth or a building its 
foundation. 

7. Another consequence of the weight of air is its pres- 
sure. We have already seen that 100 cubic inches of air 
weigh about 31 grains. It is necessary, however, in order 
to obtain this result, that the experiment be performed at 
the level of the sea : it is further necessary that at' the time 
of the experiment the barometer should stand at 30 inches 
and the thermometer at 60^. But, disregarding for the 
present these two last conditions, let us note the change 
arising from difference of level only. At the level of the 
sea the 100 cubic inches of air contained in the flask would 
weigh say 31 grains. On taking this flask to the top of a 
mountain 20,000 feet high, the 100 cubic inches will have 
expanded to 200 : so that, if the flask be made of some 
elastic material, it will have expanded to twice its former 
size ; or, if the copper flask full of air have its stop-cock 
closed at the level of the sea, and opened at an elevation 
of 20,000 feet, exactly 100 cubic inches of air will rush 
out, leaving 100 cubic inches of air behind^ of half its former 
density. The reason for this is, that at \.\i<fe V«v^ <i1\^<wfi^c^ 
3^ milea we b&ve more than half tTa^e atmo«^Vet^\i^^"^ ^>a^«s^^ 
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tlie air of the flask has to bear onlj lialf tlie supermcumbent 
pressure that it bore at the sea-leveL Now it is a carious 
law, peculiar to iraseous matter, that its density ia commonly 
p«.iS^ to r pres^ore that confines Mhat « to «.,' 
by doubling this pressure we compress air into half its 
former bulk (as in the instance of a diving-bell imder 
34 feet of water) ; and on the other hand, on removing 
half the ordinary pressure from air, it expands to twice 
its ordinary bulk; so that there appears no limit to the 
space which any quantity, however small, would fill, if 
relieved of all pressure. We shall return to this important 
law presently ; but meanwhile it must not be supposed, 
because an elevation of 3-|- miles leaves one-half of the atmo- 
sphere below us, that we should reach the limits of its exist- 
ence at double that height, or 7 miles. At that height 
(supposing it attainable) we should still have one-fourth of 
the atmosphere above us, and 100 cubic inches of air from 
the sea-level would expand into 400, because the upper parts 
of the atmosphere, having less weight to bear than the lower 
parts, expand into &p greater bulk ; so that not under an 
elevation of 45 miles is the atmosphere supposed to be limited 
by the coast-line of eternal space. 

Thus the aerial ocean is not, like the sea, of nearly the 
same density throughout its depth, but gets thinner and 
thinner from the bottom upwards, so much so that the first 
3^ miles above the earth's surface contain as much air as all 
the remaining 41 or 42 miles.* The cause for this is, that 
the air at the level of the sea has to bear the weight of the 
whole mass of atmosphere above it, which of course acts as a 
powerful mechanical force in increasing the density, and 
consequently the pressure of the lower strata. 

The pressure of the atmosphere at the sesrlevel can be 
estimated by a simple contrivance. Two hollow hemispheres 
of brass, Eig. 3, fitting together with smooth edges, are 
placed in contact ; the lower hemisphere is fiimished with a 

* See the diagram, Fig. 29 (57). 
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short tabe opening into it, and this tube can 
be opened or dosed at pleasure by means of 
a stop-oock. On screwing the tube into an 
exhausting syringe, and pladug the two hemi- 
spheres iiogesther, the air can be withdrawn 
from the hollow sphere thus formed, and on 
turning the stop-cock, before removing the 
apparatus from the syringe, the air is pre- 
vented from entering. A handle may now be 
screwed to the short tube, and if two persons 
pull in opposite directions, they will be unable 
to separate the hemispheres. On turning the 
stop-cock, however, the air rushes in, and the 
hemispheres &I1 asunder by their own weight. 

Now the force which binds these two henuspheres to- 
gether is the pressure of the atmosphere, which may easLLy 
be calculated by suspending them, when exhausted, by the 
upper handle, and adding weights to the lower handle. 
Suppose the sphere to be 6 inches in diameter, its section 
through the centre will be about 29 square inches; and, 
supposing the vacuum to be perfect, a weight of 420 lbs. will 
be required to separate the hemispheres. Now <^ = about 
14|- lbs., the amoirnt of atmospheric pressure upon one square 
inch of sur&ce.* 

There are many other methods of proving the important 
&ct, that the weight or pressure of the air is equal to be- 
tween 14 and 15 lbs. on every square inch of surface at the 
level of the sea ; or, in other words, a column of atmospheric 
air one inch square, resting on any surfistce at the sea-level, 

* These hemispheres are called the Magdeburg hemispheres^ and the 
experiment the Magdeburg ejBperimenit from the place where Otto 
Guricke, one of the inventors of the air-pomp, resided. In 1654 he had 
the honour of exhibiting the Magdeburg experiment on a large scale, 
before the princes of the empire and the foreign ministers assembled at 
the diet of ^ Ratisbon. The force of two teams, consisting of a dozen 
horses, palling in opposite directioiis, was iouxid. \x!A>aS&!(sv!SDX \a ^a^'vsa^^ 
the hemisphercB, 
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and extending to the top of the atmo^here, weighs l)^tween 
, 14 tind 15 lb& This will be more clearly seen when we 
come to speak of the barometer ; but we may here antici- 
pate the surprise of the reader who approaches this subject 
for the first time. He may regard such results as these as 
scientific curiosities, in which he is in no way conoemed; 
but a moment's reflection will convince him that the same 
force which held the hollow hemispheres together, is present 
and active, as well for animals as for inorganic matter. If it 
can be proved that a column of air one inch square and 
about 4:5 miles high weighs about 15 lb&, it is evident that 
this pressure must be as true for a square yard, or a square 
mile of surface, as for a square inch ; the only difference is 
in extent ; for, if we wish to know the pressure on a square 
yard, or mile, we must calculate the number of square inches 
in such a sur&K^, and multiply this number by 15, and the 
product will give the atmospheric pressure in pounds on the 
larger surface. But since we have seen that air is impene- 
trable, and that our bodies displace it, it must be evident 
that this pressure is also exerted on every part of the 
surface of our bodies, as well as of the earth on which 
the air rests ; for the pressure of a Jhdd on any surface 
immersed in it is exactly equal, whether the surfsLoe be hori- 
zontal, vertical,, overhknging, or even £Eunng downwards like 
a ceiling.* We dwell on the floor of an ocean of air 45 miles 
deep, and are as much subject to its pressure, as the bodies 
of fishes^ which inhabit the floor of ^the liquid ocean, are to the 
column of water above them. In order, therefore, to calculate 
the amount of atmospheric pressure on our bodies, we must 
ascertain the number of square inches on their surface, and 
multiply this number by 14|-. In this way it will be found, 
that the atmospheric pressure upon the body of a man of 
ordinary stature amounts to no less than 33,600 lbs., or 

'* The demonstration of the proposition, that fluidity consists in the 
transmission of pressure in all directions, is given in Rudiment a 
Mechanics, Part III, 
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about IS tons ! "Why, then, it may be asked, is he not 
crushed to death, instead of being entirely insensible of this 
enormous pressure? A few examples -will explain this. 
There are many delicate and fragile animals which live at 
great depths in the sea^ often from 2,000 to 3,000 feet below 
its surfibce. These creatures, therefore, have to sustain the 
pressure of a colpmn of water of that height, a pressure of 
6x>m 60 to 90 times greater than that of the atmosphere 
upon our bodies. Tet these animals are not crushed ; they 
move about with perfect ease, under circumstances still more 
surprising than those under which we live. And the reason is, 
that this hydrostatic pressure is equal on aU sides ; the bodies 
of these animals are equally pressed above, below, and around, 
and the fluids within the animal are also either of similar 
density, or they are nearly incompressible, so that all these 
different pressures counterbalance each other. In the same 
manner the fluid atmosphere presses equally in all directions, 
and the human body immersed in it may be compared to a 
sponge plimged into deep water ; it is not crushed, because 
the water Alls the cavities of the sponge, and also surrounds 
it entirely. In like manner our bodies, and even our bones, 
are filled either with liquids capable of sustaining pressure, 
or with air of the same density as the external air, so that 
the outward is counteracted by the inward pressure. Now 
let us see what are the consequences of removing this pres- 
sure. Some fishes, which live at great depths in the sea, ar e 
provided with swimming-bladders, or little bags full of air. 
On raising them to the surface, the water-pressure is re- 
moved, and the bladder expands to such a degree as to Inll 
the creatures instantly. In like manner, if we were raised 
towards the sur&ce of our aerial ocean, our bodies would 
sweU, and probably burst. We become painfully sensible 
of a partial effect of this kind, by removing the external 
pressure from a portion of the skin, as in the operation of 

Xpping. The cupper drives out the greater portion of the 
F from the cupping-glass, by holding it over the flame of o. 

C 
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spirit-lamp, and then suddenly claps the glass on the skin, whidt 
has been previously out by a number of small lanoeta. The 
cup adheres by the pressure of the air on the outside, while 
the flesh beneath the glass, being relieved from pressovei 
expands, and forms a projection within the cup. The blood- 
vessels beneath the incised portion of the skin, being alio 
relieved from pressure, discharge their contents into the 
rarefied space formed in the cup. 

The pressure of the atmosphere may be illustrated by the 
following simple experiment : — Fill a glass of water to the 
brim ; cover it with a piece of paper ; press the paper to the 
edge of the glass with the flat surface of the left hand^ while 
with the right hand the glass is to be suddenly inverted. 
The left hand can then be removed, and, provided the paper 
be kept in a horizontal position, the water will be supported 
in the glass by the pressure of the air against the paper. A 
glass phial, with a narrow neck, may be filled with water and 
inverted, and the water will not escape, because its adhesion 
to the sides of the neck, and the pressure of the atmosphere^ 
sustain the liquid column. If this adhesion be overcome by 
shaking the bottle, or inclining it on one side, bubbles of air 
will pass up on one side, while equal quantities of water 
escape on the other. In beer-casks, d^c., a vent-hole is pro- 
vided at the top, to allow the air to enter in proportion as 
the liquid is drawn off below.* In the wine districts of 
France an ingenious little instrument, entitled a tdte^n, or 
wine-taster, Fig. 4, is used for taking out a small portion of 
wine from a cask. It consists of a tube of tinned iron, of 
which the transverse dimensions increase gradually firom the 
top to near the bottom, which terminates in an inverted 
cone, the point of which is open : there is also a small 
drcular opening at the top. Now, on holding this tube 

* In those cases where the beer escapes freely without opening the vent- 
peg, a quantity of carbonic add has accumulated at the top of the liquid, 
and being under pressure, its elastic spring acts upon the liquid, and 
forces it out when the tap is opened. 
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hj the Landle, and passing it into a cask of wine, 
through the bunghole, wine will enter by the 
lower hole, imtil it attains the same level in the 
tube as in the cask, and in doing so it will drive 
the air oat through the hole at the top. On 
taking the tube out of the cask, the wine will 
flow back agsdn from ihe lower hole, and the air 
will re-enter by the top hole ; but if the thimib 
be placed over the top hole, the air cannot re- 
enter, and consequently the wine cannot escape 
from the point at the bottom. The moment the 
thumb is removed, the wine begins to flow, and 
in this way a small wine-glass may be filled with- 
out wasting a single drop. The little glass 
instrument called a pipette, so useful in the laboratory, acts 
on the same principle. 

& We have thus for illustrated certain properties which 
air enjo3rs in common with solids, namely, impenetmbUity, 
weight, inertia, momenttim, and Jkidd pressv/re m aU dvrec- 
Uane, We have also slightly noticed its compressibility, and 
its elasUdt^ when compressed. This last property requires 
a more extended notice, for, although common to all matt^, 
it is so much more obvious in airs and gases as to be some- 
times regarded as their distinguishing feature, and to gain 
for them the somei^hat ambiguous title of elastic Jkdds, 

Airs and gases are so diflerent in structure from solids 
and liquids, that it seems difficult to suppose them to be 
regulated by the same mechanical laws. The atoms or par- 
ticles of solids are held together by an attractive force called 
eohesion, which diflers in diflerent solids, as is evident from 
the various degree of force required to crush or grind them 
to powder. In liquids the attraction of cohesion is so weak, 
that the particles glide over each other with the greatest 
ease, and instantly mould themselves to the form of tK^ 
vessel in which they may be contamed. TlW^ ^«^ ^<sv^^ 
AppeAT to bare no cohesive force ; Wt t\iaAi ^«ilf "^aw^^ %w«^ 
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is evident by the coherence of every dnyp of water. In airs^ 
gases, and vapours, however, this cohesive attraction is alto- 
gether absent. The gaseous particles not only have no cohe* 
sive attraction, but, on the contrary, a powerful repulsion, 
whereby they are constantly endeavouring to separate them- 
selves as far as possible from each other. It is this repulsive 
force which constitutes the elasticity of aeriform bodies, oi 
which we have now to speak. 

A thin fragile vessel of any size is not crushed by the 
pressure of the atmosphere, on account of its perfect equa- 
bility, the external pressure being exactly counterbalanoed 
by the internal . We have only to remove one of these 
pressures, and we shall witness the energy with which either 
of these forces acts when unrestrained by the other. If the 
neck of a square gla^ vessel be screwed into an exhausting 
syringe, and the internal air removed, it will be crushed 
into small fragments by the external atmospheric pressure. 
So, on the contrary, if a similar vessel be carefrdly closed at 
the neck and placed under the receiver of an air-pump, on 
removing the external pressure the vessel will ^be blown to 
pieces by the pressure or elastic force of the air inclosed 
within the vessel. 

We see, from this last experiment, that a portion of air 
cut off from all communication with the atmosphere still 
exerts a pressure in all directions against the sides of the 
vessel containing it, and it can be proved that this internal 
pressure is exactly equal to the pressure which an equal 
surface undergoes fr^m the weight of the external atmo- 
sphere. But this internal pressure cannot arise from the 
weight of the included air (for this is only a few grains) ; it 
must therefore arise from its el^icity, or expansive force ; 
that is to say, the force with which it tends to expand to its 
natural bulk, or that bulk which it would occupy if subject 
to no pressure ; if, for example, it were removed to the top 
of the atmosphere. 

Ps The elasticity of air and tlie \aw \sy ^^<^ \\. Sa t^^-. 
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lated, can be very well illustrated by means Fig. 5. 

of a long bent glass tube, Fig. 5, open at its 
longer extremity, and furnished with a stop- 
cock at the shorter. The stop-cock being 
open, a quantity of mercury is poured into the 
open end. The surfaces of the mercury A a 
will of course stand at the same level in both 
legs. The two columns of air, A c and a d, 
sustain a pressure equal to the weight of a 
colomn of air continued from A and a to the 
top of the atmosphere. K we now close the 
stop-cock D, the effect of the weight of the 
whole atmosphere above that point is cut o£^ 
so that the sur&ce a can sustain no pressure 
arising iBrom the weight of the atmosphere. 
Still the level of the mercury remains the 
same, because the elasticity of the column of 
air a D is precisely equal to the weight of the 
whole column before this small length was 
cut ofL The sur&ce a is still pressed by the 
whole atmospheric column, and thus we see 
that these two different properties of the 
atmosphere, its dobsticUy and its weight, exactly 
counterbalance each other. 

Now we know that the atmospheric pres- 
sure imder ordinary circumstances is equal to 
14^ lb& on the square inch, or to a column of mercury 30 
inches high. It is evident, therefore, that the atmospheric 
pressure acting on A is the same as would be produced by a 
column of mercury 30 inches high resting on the sur&ce A. 
So also, the force with which the air confined ia a d presses 
by its elasticity on the surface a is also equal to a column 
of mercury 30 inches high. The pressure of the atmosphere 
actiog on the sur&ce a is transmitted by the mercury to the 
surface ^ and balances the elas&o iocoe oi V2)^^ Ss^Ssai^ft^ 
column an. 

c2 
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If we now pour an additional quantity of mercozy into 
the open end of the tube at c, an increased preesuxe^ axiaiiig 
from the weight of the metal, will be transmitted to tha' 
surface a, and will prevail over the elastidtj of the confined 
air ; the surface a will therefore rise towards D, compreesing 
the air into smaller space. On continuing to pour in 
mercmy until the surface a rise to 5, or half-waj between a 
and D, that is, until the confined air is compressed into 
exactly half its former limits, it will be found, on drawing a 
horizontal line from the surface h to the opposite point h* in 
the longer limb, that the column of mercury h* b measnrei 
exactly 30 inches, the weight of which is equal to the atmo- 
spheric pressure. The force with which the sur&ce h is 
pressed upwards towards D is, therefore, equal to two abmo- 
spli^res, or double the force with which a was pressed 
upwards towards D. Hence it appears that the elasticity of 
the confined column of air 6 D, is double its former elasticitj 
when filling the space a D, so that when the air is com- 
pressed into half its volume its elasticity is doubled If we 
again pour mercury into the tube at c, until the air inclosed 
in the shorter limb be reduced to a third of its bulk, as at 
c D, the compressing force will be equal to three times the 
atmospheric pressure. The height of the compressing 
column of mercury would reach to c, namely 60 inches 
above the level o. If we still add mercury until the column 
rise to the height of 90 inches above its level in the short 
limb, the elastic force of the confined air would be four times 
greater than at first, and it would be compressed to the 
bulk of one-fourth of its original volume. 

It appears, then, that ^ elastic force of air varies in 
eocactly the same proportion as its density; and this simple 
and important law, which is called, after its discoverer, the 
law of Mariotte, applies not only to air, but to all gaseous 
bodies when subject to such variations of pressure as can be 
readily commanded Air has been allowed to expand into 
more than 2,000 times its usual \)\3Lik, oiiii \\. nto\M.\3ar^ 
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expanded Btill more if a greater space had been allowed. 
Air has aba been compreBaed into less tboQ a tbousuidtli of 
its nsnal bulk, so as to become denser than water ; but its 
elasticity bas not been exactly determined at these extreme 
degrees, either of condenBation or rare&ction ; bo that we 
have no proof that the law of Mariotte applies so exten- 
sively. On the contrary, recent experiments on the com- 
presaion of gases render it nearly certain that they all vary 
g^)ni this law when subject to very great pressure, their 
density being increased in a greater ratio than their elas*^ 
ticity ; this variation, boweTer, is less in air than in meet 
other gaseous bodies, and the Eomple law is found to apply to 
it very accurately when condensed as much as 50 times, and 
also when allowed to expuid to several times its nsual bulk. 
10. The principle of those useful instruments, the ex- 
hausting (fringe and the air-pump, depends upon the ela»~ 
ticity of the air. The exhausting syringe. 
Fig. 6, consists of a cylinder of brass or 
some other, metal, with a piston or plug 
accurately fitting it. The lower part of 
the i^linder contains two ralves or little 
doors, the one opening upwards into the 
cylinder, and the other at the dde, out into 
the air. The vessel to be exhausted is 
screwed into a short tube projecting from 
the tr^linder. This vessel must be fur- 
nished with a stop-cook, to prevent the air 
from re-entering after the exhaustion is 
complete. Sow, suppose the vessel to be 
screwed into the short tube, its stop-cock 
open, and the piston at the bottom of the 
cylinder. Supposing we drew up the I 
piston inilMilaneoiuly, or in no tvms, a 
vaeuwm or empty space must evidently be 
lefl; between the bottom of the cylinder and 
the piston. Consequently the air in the vessel, beis 
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longer counterbalanced by the atmospheric pressure, expands 
by its elasticity, forces open the yalve a^ and fills the empty 
space below the piston. When the piston is drawn pK>- 
gressively to the top of the cylinder, no vacuum is formed, 
the air from the vessel expanding and following it all the 
way. After this the piston is forcibly driven down again, 
whereby the valve a is closed, and h is opened j the whole of 
the air in the cylinder is thus driven out through h, and 
when the piston is at the bottom of the cylinder matters acB 
in the same state as at the commencement of the operation, 
except that the air in the vessel is much less dense and 
elastic than before. On drawing up the piston a second 
time, the external air cannot enter through 6, because this 
valve opens outwards, and the atmospheric pressure upon it 
from without only serves to close it more securely. The 
valve a, however, is immediately forced^open a second time 
by the remaining air in the vessel, which again fills the 
empty space that would otherwise be left by the drawing up 
of the piston a second time. The piston is agaiix depressed, 
the valve a is again closed, and the air in the cylinder again 
forced out through h; and in this way the action is carried 
on untn the air in the vessel has too little elasticity to open 
the valve a. The eocha/uslnmi is then said to be complete. 

Now it is evident that a perfect vacuum, .or empty space^ 
cannot be formed in the vessel by this contrivance. A small 
portion of air must always be left in the vessel. If the cylin- 
der be of the same capacity as the vessel, and the weight and 
friction of the valve be regarded as nothing, one -half of the 
air will pass out of the vessel by the first stroke of the pis- 
ton ; that is, on raising the piston to the top of the cylinder, 
and then depressing it again to the bottom, the vessel will 
be deprived of exactly half of its contents; the remaining 
half will still completely fill the vessel, but its atoms or .par- 
ticles will be &rther apart, its density will be diminished 
one-hal^ and, consequently, its elasticity will be diminished 
in the same proportion. Tke second. «ttc^« oi ^^ ^^is^xs^ 
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wiU again iliTniniati the air in the Tessel by oue-Imlf ; that i^ 
the air left after the aeoond stroke will be one-fovirth trf ita 
former density and elasticity. We may cany out these re- 
sults to greater length, by collecting them in a tabular form. 
The quantity of air in the veBBel before the first stroke is to 
be re^^arded as unity. 



StnAt. Goa n 



Elaitic fan* af (ki i* 



Itt, one-half of 1 ^ i IS iaches of mEicnr;, or 7*35 llM. per eq. 

2Dd, ODG-bslf oC i = i 7i inches of mercnrj, 

3rd, one-balF of ^ = ^ 3) inchee of mercury, 

le-halfof i ^ ^ l'875iD9. ofmercnry, 



Stb, ODcbalf of^ 

eth, oiie.lulf of ^ ^ ^ 0- 

7th, one-half of ^ 

8th, one-halTof i^ '^ ,^ 0- 

9th, one-half of^, = rb 



1-9375 in 

1-4687 in 

1-2344 in. of mermry, oi 
I' 11 72 in. of mercarj, oi 
l'05B6 in. of mercDiy, 01 



Thus, after the ninth stroke, the 
be ,^th of its 
origicial quantity; 
and, as it still oc- 
cupies the same 
space, it has only 
j-fytb the density 
and elaslac force, 
-which is equal to 
a pressure of only 
0-028 Iba to the 
square inch, which 
would scarcely be 
sufficient to raise 
the Talve. 

11. The air- 
pump. Fig. 7, is 
nothing more than 
a duplication of 
the ezhaasting 



ining air will only 
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syringe, with tliis difference, that the valve through winch 
air is forced out of the cylinder, is not placed as at 6, Fig. 6, 
but in the. piston or plug itself. Two of these syringes, a 6, 
or barrdsy as they are called, are arranged side by side, and the 
motion given to their pistons is so managed (in experimental 
machines by a toothed wheel and racked piston-rods) that, 
while one piston is ascending and drawing out the air, the 
other is descendiag and expelling the air already drawn out of 
the vessel to be exhausted. Each barrel is fiimished with a 
valve at the bottom, opening upwards, so that, during the 
ascent of either piston, the air below the valve forces it open 
and fills the barrel. During the descent of either piston this 
valve is of course closed, and another valve, situated in the 
piston itself, and opening upwards, allows the escape of the 
air between the bottom of the barrel and the piston. In 
pneumatic experiments the vessel to be exhausted, b, is called 
a recewer; it is made of stout glass, its edge is ground flat^ 
and smeared over with pomatum before it is placed on the 
metal plate t, called the table of the air-pump. By this 
means the receiver is brought into air-tight contact with the 
table, and forms a transparent chamber, in which any sub- 
stance or arrangement of apparatus previously placed, may 
be observed under any amount of rarefaction that may be 
given to the inclosed air. The table is perforated at its 
centre with a hole, which communicates by a bent metal 
tube c, with the barrels a b. This tube is furnished with a 
stop-cock, which, being closed, prevents any leakage of air 
into the receiver from the barrels, and, when open, allowB 
them to act upon the inclosed air. The air is readmitted 
into the receiver by a perforation into the bent metal tube 
at h. This hole is closed by a thumb-screw, made air-tight 
by a washer of leather. One extremity of a bent glass tube 
d opens into the metal tube c, while the other extremity 
dips into a cistern of mercury. This tube, which is mor» 
than 30 inches in length, acts as a gauge, and indicates^ by 
the ascent of the mercury withm \t, t\\^ «tcio\asX cii x^ac^^^ 
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tion in the receiver ; because, as the rarefaction proceeds in 
the receiver, the elastic force of the air pressing upon the 
mercury in the gauge-tube is diminished. Indeed, with the 
first stroke of the pump, it immediately becomes less than 
the pressure of the external atmosphere on the surface of the 
mercury in the cistern : consequently, this external pressure 
prevails, and forces mercury up to a certain height in the 
gauge-tube. As the rare&ction of the air in the receiver 
proceeds, its elastic force is diminished, the atmospheric pres- 
sure aas with iBcreased effect, and the mercury rises higher 
and higher in the tube. The weight of the column of mer- 
cury thus raised, combined with the elastic pressure of the 
air remaining in the receiver, is equal to the atmospheric 
pressure, and it is evident that the elastic force of the air in 
the receiver must be equal to the excess of the atmospheric 
pressure above the weight of the column of mercury in the 
tube. If a common barometer hanging up in the room 
stand at 30 inches, and the mercury in the gauge at 20 
inches;, the pressure of the air in the receiver is equal to 10 
inches of mercury, or one-third of that of the external at- 
mosphere. The density of the air in the receiver is also one- 
third of that of the external air, showing that two-thirds of 
the air have been removed. 

12. In the foregoing description of the air-pump we 
have omitted details, which, although they make it a more 
efficient instrument in the hands of the man of science, do 
not affect its principle. In the best air-pumps the valves at 
the bottom of the barrels are not opened by the elastic force 
of the air in the receiver, but by a mechanical contrivance 
working in the piston-rods. In the French air-pmnps exhi- 
bited in the Great Exhibition the barrels were of glass, so 
that the working of the valves could be shown, and their 
condition at all times be ascertained at a glance. In !N'ew- 
man's air-pump the table was formed of a stout slab of glass, 
instead of metal as heretofore. In Biemin'ft aix-'^xm^ ^s^^* "^ 
i^e two cylindera or barrels differ in eoze aii<dL ^ruxk^^oifiss^* 
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The smaller barrel is applied either to the bottom or top of 
the larger, while the valved pistons belonging to each are 
attached to one and the same piston-rod. The air with- 
drawn firom the receiver is condensed in the lower cylinder 
to one-fourth part of its original volume, and thus has soffi* 
cient elasticity to pass through the discharging-valve and 
escape, the opposing pressure of the atmosphere on that valve 
being thus counteracted from within. In Fig. 8, A is the 
exhausting cylinder, b the second 
cylinder, equal in length to the 
first, and fixed to its lower part* 
but having only one-third or one- 
fourth of its sectional area, and 
consequently one-third or one- 
fourth of its cubical contents. The 
cylinders are separated by a plate 
forming at once the bottom of the 
upper and the top of the lower 
cylinder, the only air-passage be- 
tween them being a silk valve i/. 
In each cylinder works a valved 
piston, p and p, attached to a 
piston-rod common to both, and 
passing through a stuffing-box in 
the plate. The distance between 
the pistons is such, that when p 
is in contact with the top of the 
upper or exhausting cylinder A, 
j3 is in contact with the top of the 
smaller or lower cylinder ; and 
when p is in contact with the bottom of the large cylinder, 
jP is in contact with that of the small cylinder. The table^ or 
pump-plate e, placed above the large cylinder a, sapporto 
the receiver B, or other vessel to be exhausted, firom whidi 
the air fiows through the valve v, during the descent of the 
piston. The motion of tlie pistoiia ^ eiSec^^ V^ T^Qdaoa^ dL% 
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diort crank "with a jointed connecting-rod, converting the 
circular motion given by the lever handle into a vertical one, 
which is maintained bv means of a cross-head, with rollers 
wkiBg between guides. The action of T pump is as 
follows : — The descent of the piston p tends to produce a 
vacuum in the exhausting cylinder A, by causing a difference 
of pressure above and below the first valve v, in the top of 
A, so that the elasticity of the air in the receiver causes it to 
pass through the valve v. At the same time the air below 
p is pressed through the valve t/, in the plate which sepa- 
rates the cylinders, and enters B, in which a vacancy is simul- 
taneoualy made io^ it by «.e decent of the piston ^; and in 
consequence of the difference of capacity of the two cylinders, 
it becomes reduced to one-fourth of its original bulk, its elas- 
ticity being proportionally increased. The air contained in 
the small cylinder below the piston p, will in like manner 
be pressed through the valves v", t/", into the external 
atmosphere. During the ascent of the pistons, the valves 
t/, t/', t/", will be closed, and v w opened by the upward 
pressure of the air in the cylinders, and also by the atmo- 
sphere, thus allowing the air in ea«ch cylinder to pass through 

" the pistons as they rise, in order that in the following down- 
waj*d movement the air, which during the previous stroke 
of the 'pump issued from the receiver into the exhausting 
cylinder, may be withdrawn from that into the lower cylin- 
der, while the air condensed in the latter may be finally ex- 
pelled into the atmosphere. 

Mr. Siemins states that the ordinary air-pimip cannot be 
made to remove more than -5^ of the air firom the receiver. 
" Let us suppose," he says, " that in the new air-pump the 
piston p leaves -j-^ of the air in the exhausting cylinder A, 
undisplaced, and that the piston p cannot be brought within 
■]-^th part of the length of stroke of the top or bottom 
of the smaller cylinder, the working having been continued 
until no further exhaustion is effected. Mi^J^oc^a^Tvo^*^^ 

piston p will leave in the cylinder b 4»xm%^e> \c3r«\sN««^ 

n 
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stroke y^ of its bulk of air of the atmoBpheric density 
unexhausted ; if it be raised again, this portion of air 'will 
expand and fill the cylinder b with air, the density of whioh 
will be only y^ that of the atmosphere. The piston pwiB, 
at the same time, ascend to the top of the exhausting 
cylinder A, filled with air of the same density as that re- 
maining in the receiver ; but the exhaustion having reached 
its utmost limit, during the next downwaid stroke no air 
will be discharged &om cylinder A into cylinder B ; the air 
above the piston in the latter will, at the termination of this 
stroke, have expanded 100 times, and having previously 
expanded to an equal amount during the upward stroke^ it 
will now be reduced to the density ^^^^^ that of the atnu>- 
sphere. If no force were required to open the valve t/, air 
would, in this state of things, pass from the upper into the 
lower cylinder, unless that in the former, a hundred times 
compressed as it would be at the end of the downward 
stroke, were not still rarefied 10,000 times ; or what is the 
same thing, if it were not, when it filled the cylinder A, one 
million times rarefied. We find, therefore, that by the 
addition of the second cylinder, the vacuum may be rendered 
10,000 times more perfect than if the cylinder A had been 
employed alone in the manner of an ordinary air-pump."*' 

13. From the air-pump we pass to the common housthM 
or svxition pump, as it is sometimes called. The term 
suction is still applied to several operations and instruments 
of the pump kind. This term is an unfortunate one, and 
requires to be explained away. When we place one end of 
a straw in the mouth, and the other end in water, and are 
said to suck wp the liquid, we do no such thing. We merely 
draw into the mouth the portion of air confined in the tube, 
and then the jpressure of the air which is exerted on thesur&ce 
of the liquid, being no longer balanced by the elasticity of 

* *< Description of aa Improved Air-pump, applicable to Pbilosopbioal 
and Manufacturing Purposes, invented and patented by C. W. Siemins." 
Messrs. Knight, of Foster-lane, Cheapside, LtondoTi, m%xxwl«Lc^xa« \lbmA 
pamps, said sell them at £2\ each. The eihau&tVat^ c^^mA« \&^\sijabft» 
^ diameter. 
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the air in the tube^ forces the liquid up into the mouth. If 
the straw were graduallj increased in length, without in- 
creasing its whole capacity, we should find a certain length 
at which (however small the tube) we should not be able to 
raise the water into the mouth ; for it would not rise more 
than a certain nimiber of feet above its former level ; and no 
sacking, even by the most powerful machinery instead of the 
mouth, could ever raise it more than 34 feet above that 
level, because the atmospheric pressure cannot counter- 
balance a column of water of a greater height than between 
33 and 34 feet. And if we try to sack up mercury through 
a long tube, we shall be unable to raise it more than a few 
inches by the mouth, nor by the best air-pump more than 
about 30 inches (viz. the height at which the mercury of 
the barometer stands at the time), because the atmosphere 
cannot balance a column higher than this. Our Seputed 
powers of suction, therefore, have nothing to do with the 
fluid to be Raised ; for that work is done by the atmospheric 
pressure only : we assist it or bring it into play by p|- g^ 
using the mouth as an air-pump in withdrawing the 
air from the tube by enlarging the cavity of the mouth 
or lungs. In a boy's squirt, Fig. 9, the same principle 
is in operation. This simple but ingenious little in- 
strument consists of a metal cylinder drawn at one 
end into a point, and furnished with a plug or piston. 
On introducing the point into water and drawing up 
the plug, a vacuum would be formed below it, did not 
the water rise and fill it by atmospheric pressure. 

14. A similar but somewhat more complicated process is 
carried on in the common household pump. A long pipe 
A B, 'Fig. 10, dips at one end into the water of a well w, the 
other end is furnished with a valve e. Above this pipe 
is another and wider pipe c, called the bcMrrd, containing 
a plug or piston p, furnished with a valve i/, in the centre ; 
^th these valves open upwards. The piston is worked up 
and down by means of a lever called a brake. There are, 
however, various ways of working the piston, which of course 
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do not affect tte principle of the Kg- 10. 

pump. At the commencement of the 
operation of pumping, the water in 
the well and in the pipe a b standn at 
the same leveL On rai^g the piston, a 
Tacuvun would be formed below it ; hut 
the air in A B by its elasticity raises the 
valve V and fills the barrel. This in- 
creased expanfdon of the air in a b di- 
minishes its elasticity, so that water 
ia forced up into a b to a certain height 
by the atmospheric presaure on the ex- 
posed Bur&ce of the water in the welL 
On depressing the piston, the valve v is 
closed and the valve 11' forced open (as in 
iHg. 1(>, 2), through which the air be- 
tween V and the bottom of the piston 
escapes. On raising the piston a second 
time, more air rushes from a b, and the 
column of water in the pipe rises higher. 
In this way by ^temately raising and 
depressing the piston, all the air is drawn 
out of the pipe, and the column of water 
rises up to the valve v. On again 
raising the piston, water instead of air now opens the 
valve V, and rushes into the barrel, and, on lowering the 
piston, the water closes this valve v, thereby preventing it 
&om again flowing back into the welL At the same'time 
the water forces open the valve v', and streams through i^ 
so that water is now both above and below the piston. On 
continuing the action, the water rises higher and higher 
above the piston, until it reaches the spout B, where it it 
discharged. 

Sow it is quite evident that the length of the pipe a b . 
maat_have a limit; since the-atmosphere by ita preasnnt^iB 
capable of supjiorting a coliimii ot ineicar^ %Q Vndonb'^a^ 
«"rf aa the specific gravity oS vnsAei: ia 8tai»jS.\^\'n 



Fig. 11. 
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than that of mercury, it followB that a force which can ens- 
tain 30 inches of the heavier fluid trill sustain a column of 
the lighter fluid 13J times greater in height, or about i05 
inches, or 34 feet, instead of 30 inches. But as the baro- 
metric column in this country oscillates between 28 and 31 
inches in height, it followB that a column of water supported 
b; the atmosphere niuat also be subject to a proportional 
variatioii. Besdes, aa the mechanism of a common pump is 
by no means exact, some allowance must be made for its 
imperfections. Hence the length of the pipe A B ought 
never to exceed 30 feet above the level of the water in the 
well It was the lucky accident of erecting a pump over a 
deep well at Florence that led to the discovery of the baro- 
meter and the pressure of the atmosphere, as already nar- 
rated in a companion treatise.* 

16. When it is desired to raise water to a great height, 
advantage is taken of the elas- 
tic!^ of a confined portion of 
air condensed into a smaller 
space than it usually occapies 
under atmospheric pressure. 
Such ifl the Jwe-engxTte, the 
principle of which will be 
understood from the section, 
Bhown in I^g. 1 1. H is the pipe, 
or hose, which is prolonged 
to the plug, or water-pipe, 
whence the supply of water 
is obtained. Thb pipe E com- 
municates with two valves v v, 
which open into the pump-bar- 
rels of two forcing-pumps A A,+ 
containing solid pistons fp. The pistou-rods of these are 

* See Introdncticm to the Stadj of NbIhibI PhiloaopbT ; new editioa 

■ <"'■ 

f I. #.,pDii)p«iiie tiieftrAaw/inyjyrinse, 4»t 4esCTft«4.^).'Si,vD»!w»^ 
of the alr-pnmp (II) aai comoioa wnter-punp jo* ■Eo.«tt'am»4- 
D2 
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connected with a working beam so arranged as to be worked 
by a number of persons on each side. From the sides of the 
pump-barrels above the valves v v proceed force-pipes which 
communicate with an air-chamber c by means of valves V V 
opening upwards into it. Through the top of the air- 
chamber descends nearly to its bottom a pipe e, to the upper 
part* of which is attached the hose or jet used for directing a 
stream of water on the fire. By the alternate action of the 
pistons p p, water is drawn through the valves v v, and 
propelled through the forcing-valves v' V, precisely as tofk. 
place with the air in Fig. 10, and when the siur&ce of the 
water rises above the lower mouth of the pipe 6, the air in 
the air-chamber c is confined above the water ; and as the 
water accumulates in the air-chamber, the inclosed air is 
compressed, and acts with increased elastic force on the sur- 
face of the water, thereby forcing a column of water into 
the pipe e, and out through the^hose and jet attached to 
it, with a force depending partly on the degree of con- 
densation, and partly on the elevation of the extremity 
of the hose above the level of the engine. The pressure oS. 
the condensed air has first to support a column of water, 
whose height is equal to the level of the end of the tube 
above the level of the water in the air-chamber ; and until 
the pressure of the condensed air exceeds what is necessary 
for this purpose, no water can spout firom the end of the 
hose ; and, aeccmdly, the force of the jet will be proportional 
to the excess of the pressure of the condensed air above the 
weight of the column of water, whose height is equal to the 
elevation of the end of the hose above the level of the water 
in the air-vesseL When the air in the air-chamber is con- 
densed into half its original bulk, it wHl act upon the 
surface of the water with double the atmospheric pressure ; 
while the water in the force pipe being subject to only one 
atmospheric pressure, there will be an unresisted upward 
force equal to one atmosphere which sustains the column of 
water in the tube ; consequently, a column, will be sustained 
or projected to the height oi 7>^ ie^^ [Wmssx ^3wi «a \l 
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'. reduced to ^rd of its original bulk, the height of the jet will 
I be 68 feet ; and so oa 

16. The idphoB b aot a pump, bat a bent tube so con- 
- trived as to coavey liquids from one vessel to another at a 
: lower level, by raising them first aiove their natural level 
r in the first vessel In Kg. 12, the dphon, or bent tube 
ABC, baa its shorter leg a b immersed in the liquid 
which is to be transferred from the vessel Yig. 12. 

D to B. At the commencement of the 
. operation, the shorter leg is immersed in 
the veesel d, and the air removed from the 
tnbe by apjdjring the mouth to the extre- 
mity c of the longer limb, or the end c 
may be closed and the air sucked out 
through an opening at the top of the bend, 
which is afterwards closed ; or, lastly, the 
siphon may be held with its ends up- 
wards, filled with liquid, the ends closed, 
turned downwards, and the shorter im- 
mersed in D. But in any case, however 
the siphon may be filled, as soon as this is done, the atmo- 
spheric pressure on the sur&ce of the liquid in i> forces the 
liquid up the tube towuds the highest point b, and if this . 
point be not at a greater height than about 32 feet if water 
be employed in d, and not more than 30 inches if the vessel 
contain mercuiy, the fluid will pass beyond the highest 
point B, and fill the whole of the tube to c. The vessel e 
can then be placed under the open end ti, and the whole of 
the liquid in i> situated above the open end a will be 
transferred into e. 

The reader will understand why one limb of the siphon 
must be longer than the other by considering that, when the 
instmment is left to itself the atmospheric pressure is acting 
as much at one extremity of the siphon as at the other. I( 
when the liquid column is raised to b, the moaik W -^tibV- 
drawn £eoin c, the column will &ill tadt into ^Aift^esaSi. ■&. 
It will do the same if we get the liquid, tio fcii'iiwst 'Sb«q--« 
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which is the level of the liquid in D, because at that point 
the v/pwmrd pressure of the atmosphere preyails over the 
downwcvrd pressure of the liquid ; but beyond that point, in 
the direction f c, the downward pressure of the liquid pre- 
vails over the upward pressure of the atmosphere, and the 
liquid will flow out. Thus the motion of the fluid is, as 
Mr. Webster remarks, similar to the motion of a chain 
hanging over a pulley. If the two parts of the chain be 
equal, the fluid remains at rest ; and if one end be longer 
than the other, it moves in the direction of the longer end. 
Fresh^ links, so to speak, are added continuously to the fluid 
chain by the atmospheric pressure on the surface of the fluid, 
so that the chain being continuous, the motion is continiioos 
also, and does not cease till one portion of the chain becomes 
equal to or less than the other. 

A stream of water descending through the air tapers 
downwards, and at a certain depth divides into drops, be- 
cause each particle &Ils with accelerated velocity, and at 
length, when it has overcome their cohesion, leaves the 
other particles behind it. But when the stream is enclosed 
in a tube, this separation of its parts is prevented by the 
' atmospheric pressure above and below keeping them together 
- and forcing the whole stream to flow with equal velocity ; 
the lower part dragging the upper after it, while the upper, 
by its inertia, equally retards the lower, so that they move 
together with the mean of their natural velocities ; and the 
discharge is, of course, more rapid than if there were no 
tube, and will be faster the longer the tube. Now, as the 
same is true of a stream of light fluid ascending through a 
heavier, this explains why the draught of a furnace depends 
on the height of the chimney. 

17. The elasticity of the air is taken advantage of in 
applying it as a stuffing material for cushions, pillows, and 
beds. A textile &ibric is rendered air-tight by the applica- 
tion of a solution of India-rubber, and when made up into 
the required form, the seams axe rendete^ \A!^\y«j^w»aD& of 
tlie same substance. At one comftx \a«i. ^ox^. * ^9&»^^6^A 
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wi£h a screw, by loosening -whicli the bag can be distended, 
and by tightening it the air is prevented from escaping. If 
too much air be introduced, the cushion becomes too hard, 
but when moderately distended, it forms, a tolerably soft 
sur&ce ; when not in use, the air can be let out and the 
cover folded up into a small space. The principal objection 
to its use arises from its great heat ; air being a bad con- 
ductor of heat. The enclosed air, when made warm by the 
heat of the body, retains its warmth, and produces an un- 
pleasant sensation of dry heat to the part which rests 
upon it. 

18. The action of the air-gun also depends upon the 
elasticity of condensed air. The exhausting syringe. Fig. 13, 
may also be used as a condensing syringe. If the vessel be 
removed from the end of the syringe, and screwed into the 
«hort tube h at the side, it will be evident that on drawing 
the piston to the top of the cylinder, air will rush through 
he valve a and fdl it. On -depressing the piston, the valve a 
will close and the valve 6 will open, so 
that the air contained in the cylinder will 
be forced into the vessel through the valve 
h, and if the vessel be strong enough, 
it will accommodate this increased quan- 
tity of air without bursting. On again 
raising the piston to the top of the cy- 
linder, a fr^sh supply of air wiU fill it, and 
on again depressing the piston, an addi- 
tional quantity will be forced into the 
vessel Each succeeding descent of the 
piston will, however, become more diffi- 
cult, for the air contained in the cylinder 
will not force open the valve b, until it is 
more compressed than the air within the 
vessel which presses up against the valve 6. 
On closing the stop-cock, and removiag 
the vessel from the syringe, we have a 
volume of condensed air, which wiil ru^ 



Fig. 13. 
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out with great force the moment the stop-cock is opened, and 
this force has been used for projecting balls, or other missileB. 
In the air-gun the vessel for containing the condensed air, 
is a strong metal ball, furnished with a small hole and a 
valve opening inwards. This ball is screwed to a barrel 
containing a buUet, when, upon turning a cock, and opening 
a communication between the condensed air and the bullet^ 
the latter will be projected forward with a greater or lea 
velocity, according to the state of condensation and the 
weight of the bullet. In air-guns the reservoir of condensed 
air is usually very large in proportion to the tube wbicb 
contains the ball, so that its elastic force is not greatlj 
diminished by expanding through it, and the ball is urged 
all the way by nearly the same uniform force as at the firrt 
instant. The elastic fluid arising from inflamed gunpowdw, 
on the contrary, is very small in proportion to the barrel cl 
the gun, and occupies only a very small portion of it next 
the butt-end ; so that, by dilating into a comparativ«lf 
large space as it. urges the ball along the barrel, its 
elastic force is proportionaUy weakened, and it acts always 
less and less on the ball in the barrel "Whence it hap- 
pens that air condensed into a pretty large machine only 
ten times, will project its ball with a velocity but little 
inferior to that given by gunpowder ; and if the valve of 
communication be suddenly shut again by a spring, afto. 
opening it to let some air escape, then the same charge may 
serve to impel several balls in succession. In all cases where 
a considerable force is required, and consequently a great 
condensation of air, it will be requisite to have the condena- 
ing syringe of a small bore, perhaps not more than half an 
inch in diameter ; otherwise the force requisite to produce 
the compression will become so great that the operator can* 
not work the machine ; for as the pressure against ererf 
square inch is about 15 lbs., and against every circular ana 
of an inch diameter 12 lbs., if the syringe be an inch in 
diameter, it will require a force o£ aa mMi^ \hiCL^\^'^&3R^ «ik 
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the density of the air in the leceiyer exceeds that of the 
common atmoq)here ; so that when the condensation is ten 
timesy the force required will he 120 Ihs ; whereas, with a 
half-inch bore, it will only amount to 30 lbs.*** 

There are various forms of air-gun, but perhaps the best 
is Martin's. It consists of a lock, stock, barrel, ramrod, disc., 
of about the size and weight of a common fowling-piece ; 
under the lock is screwed on a hollow copper ball, perfectly 
air-tight. This ball is charged with condensed air by means 
of the condensing sjrringe. When the ball is charged and 
screwed on, a bullet is rammed down in the barrel : if the 
trigger be then pulled, a pin in the lock will, by the spring- 
work within, strike into the copper baU, and by suddenly 
pushing in the valye within it, let out a portion of the 
condensed air, which, rushing up through the aperture of 
the lock, and forcibly striking on the bullet, will propel it to 
the distance of 60 or 70 ysurds, or further, if the air' be 
strongly condensed. The gun may in this way be dis- 
charged many times before the condensed air will have lost 
its propelling power, t 

19. As the barometer is by far the most important 
instrument connected with Pneimiatics, it is necessary to 
describe its construction somewhat minutely, and to state at 
some length the amount of information which is to be 
derived from it. J 

* Encyclopsedia Metropolitana, art. Pneumatics. 

t The first notice of the modem air-gun is in the El^mens d'Artillerie 
of David Riyauti who was preceptor to Louis XIII. of France. He 
ascribes the inyention to Marin of Lisieuz, who presented one to Henry lY. 
It appears, however, that Ctesibius, an Alexandrian Greek, who lived 
B.C. 150—120, applied the elasticity of the air to the construction of 
vind-gtoM; but in these machines the ball was not immediately. exposed to 
the action of the air, but was impelled by the longer arm of a lever, while 
the air acted on the shorter. The air-gun is now seldom used, and 
indeed it has been regarded chiefly as a scientific toy, except in those casesy 
which we should hope are of rare occurrence, where it has been made the 
instrument of private revenge. 

t In the Introduction to the Study of Natural Philosophy (ll), the 
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The essential x)art of a barometer is a well-formed gfai 
tube, 33 or 34 inches long, of equal bore, containing por 
mercury only, and so arranged that this mercury mayb 
supported by atmospheric pressure, as in Fig. 15 ; all th 
other appendages being contrivances for protecting the tab 
and ascertaining the exact height of the mercurial columiL 

At first sight nothing appears more easy than to fill i 
tube with mercury and invert its open end into a cup of th* 
same metal, as shown in Fig. 14. 
There are, however, certain prac- 
tical difficulties which render 
the construction of a good baro- 
meter a work of great nicety. In 
the first place mercury is very liable 
to contamination, from the facility 
with which it dissolves baser ^d 
cheaper metals, such as tin, lead, 
zinc, and bismuth; and as the 
specific gravities of these metals 
are all much less than that of 
mercury,* any admixture of them 
will cause the height of the ba- 
rometer, as indicated by a column 
of the adulterated metal, to be 
greater than in a barometer con- 
taining pure metal. There are 
various methods of purifying mer- 
cury, for which we must refer to 
chemical works ;t but, in addition 
to these sources of impurity, it was 




Fig. 14. i%. 15. 



history of the inYention is given, together with a notice of the importnl 
influence which the discovery of the pressure of the atmosphere had M 
the progress of science. 

* The specific gravity of zinc is 6*8 to 7*2 ; of tm, 7*3 ; of biimvtt, 
P'9; of lead, 11'45 ; and of mercury, Wb^. 
t See Faraday's Chemical Mam^puV&^n. 
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the opinion of Sir Humphry Davy, that mercury in its pure 
state, when exposed to the air, absorbs both air and mois- 
ture. If such really were the case, the ccmstruction of an 
accurate barometer would be impossible ; but, according to 
the experiments of the late Professor Daniell, mercury is 
incapable of absorbing or retaining either air or moisture ; 
and the air-bubbles seen to rise from it when heated or 
when relieved of atmospheric pressure are merely retained 
between the mercury and the glass vessel by their attraction 
for the latter. 

On pouring mercury into the barometer-tube and invert- 
ing it, the air thus confined between the mercury and the 
inner surface of the tube will be relieved from atmospheric 
pressure, and escape into the Torricellian vacuum,* where it 
will oppose the pressure of the external air, and constantly 
maintain the mercurial column at a lower level than if the 
Torricellian vacuum were perfect ; so that the observed 
height of the colimm would not indicate the true pressure 
of the atmosphere, but only the excess of the pressure above 
that within the tube. Kow, in order to get rid of this air 
adhering to the tube, as well as any moisture which is sure 
to settle upon anything left exposed to the aif, it is necessary 
to introduce small portions of mercury into the tube, and 
boil them by the action of a small charcoal fire. This, of 
course, requires considerable care, not only to avoid the 
fracture of the tube, but also to prevent fumes of mercury 
from escaping, for these are very pernicious if inhaled. 
The tube is first gently warmed, so as to dry it thoroughly. 
A quantity of pure mercury is then poured in^ so as 
to occupy two or three inches of the sealed end of the 
tube, which is held over the fire until the mercury boils, 
taking care to turn the tube round upon its axis, so that the 
heat may be equally applied. After boiling for a minute or 

* The vacant space between the tqp of the mercury and the to^ of the 
tabe is called the TbrricelUan vacuum^ in Ykonoxit ol V)[i« vk^«(\\»x ^1 >^c^^ 
ioBtnanent, 



38 DETERIORATION OF 

two, the open end is closed by a cork to prevent tlie intro- 
duction of moist air, and the tube is then allowed to oool, 
in order that the cold mercury which is next to be pound 
in may not crack the tube. When a second porfcum of 
mercury, about equal to the first, has been poured in, the 
pai-t of the tube containing this new portion is held 0¥«r 
the fire until it boils. It is again removed from the fin^ 
and corked up as before. A third portion of mercuiyii 
then introduced, and the heat again applied to that part o£ 
the tube containing the last addition of metal ; and in tlui 
way the tube is at length filled, with the exception of a small 
portion from which the mercury has been expelled by the 
heat. This is filled up with mercury, and the finger is n^r 
placed over the opened end so as carefiilly to exclude any 
air; the tube is then reversed into a cup of pure meroorj; u 
the column sinks, it expels the last portion of mercury whiflii 
had not been boiled ; and as there is neither air nor aque- 
ous vapour above the merciuial column, its length exactly 
measures the atmospheric pressure whenever the tempera- 
ture is too low for the mercury to give out any seiudble 
quantity of vapour. It appears, however, that mereoiy 
exists in the 'aeriform state whenever its temperature ie 
above 60°, so that it must, in this state (though exceeding 
rare), fill the so-called vacuum at the top of the tube, and, 
by its elasticity, depress the liquid, and partly counter- 
balance the externa] pressure. But this source of error, 
which is unavoidable, is fortunately extremely smalL 

20. With all the above precautions, however, the baro- 
meter is liable to continual deterioration from another 
cause. Capillary attraction, or that force by which Bolide 
attract fluids so as to be wetted by them, does not act 
equally between all solids and fluids. Most solids, -with the 
exception of certain metals, display less attraction of tiui 
kind for mercury than for any other fluid, so that they are 
never wetted by it, and, when immersed in it^ they always 
retain a jBlm of the last ^uid tihat toM<(^QdL >utv«ai. "^^ssuit 
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the precautions necessary for removing the film of air from 
the inner surface of the barometer-tube so as to bring the 
mercury into contact with the glass; but as this contact 
cannot be insured on the ov>t8ide of the tube, where it is 
immersed in the cup, a film of air is always retained on this 
part of the tube, and also at its under edges, which film 
creeps by small portions at a time into the interior, and 
rises up in innumerable bubbles into the vacuum, the film 
being constantly renewed by the descent of more air be- 
tween the outside of the tube and the mercury in the cup, 
and thus the outer air slowly insinuates itself into the 
barometer. In this way the most carefully constructed 
barometers have become deteriorated in the course of years, 
as was shown by Professor Daniell, on a comparison of 
the registers of the celebrated Meteorological Society of 
the Palatinate. 

In the register kept at Mannheim for twelve years fix)m 
1781 to 1792 inclusive, the mean height of the barometer 
for the second six years is '062 inch lower than that of the 
first six years. 

In the register kept at Padua, during the same period, 
the mean of the last six years is * 044 inch lower than that 
of the first six. 

In the register kept at Koine the average of the last six 
years is lower than that of the first by '114 inch. 

At Buda the difference is -035 inch. At Brussels '044 
inch. At Munich -026 inch. From the summit of Peisen- 
berg, a mountain in Bavaria, *026 inch ; and from the 
summit of Mount St. €k>thard, the depression is also '026 
inch. 

This irregular and uncertain deterioration of barometers 
cannot be too greatly deplored, because it vitiates the 
obflervations of all those earnest and competent observers, 
who, during many years, have devoted daily portions of 
their valuable time to a record of tl^e o&(si[\!^^\ovs.% oi ^C*[^^ 
barometer at various stations. Indeed, \]csi\SL ^^5^ ^^^««i^ 
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oomplamed of was remedied by Professor Daniell, the grett 
mass of barometrical observations can scarcely be said to be 
of any scientific value. The only means of preventing this 
deterioration of the barometer is by making the bottom of 
the tube of some substance which attracts mercury in pie- 
ference to air, so as to be wetted by the mercury. Now, m 
the metal platinum possesses the rare property of weldmg 
with glass, that is, of uniting with glass when softened bj 
heat, it occurred to Professor Daniell to unite a ring of 
platinum with the open end of the barometer^tube, so as to 
bring it into contact with the mercuiy, thus effectually pro- 
venting the ingress of air into the tube. 

21. The same distinguished philosopher also invented a 
new mode of filling barometer^ubes, which, with fiur less 
difficulty and danger, insures as much accuracy as by the oU 
method. The improvement consists in pouring the merouiy 
into the tube while both are under the exhausted receiver of 
a good air-pump. Care is required to prevent any splashing 
of the mercury as it descends into the tube, for this causes 
bubbles of highly-rarefied air to become entanglied between 
the mercury and the glass ; this, however, is prevented by 
pouring the mercuiy through a long slender funnel extendr 
ing to the bottom of the tube, and dipping into a small por- 
tion of mercury previously introduced, and boiled. By this 
means all agitation is confined to the tube of the funnel, 
which, on being removed, and filling up the barometer-tube, 
the only part containing bubbles is that last filled ; and as 
these bubbles are formed by the highly-rarefied air of the 
exhausted space, they shrink into invisible points on ex- 
posure to the common pressure, and on inverting the tube, 
the last portion containing these bubbles is expelled, and the 
tube left perfectly free of air. 

In making the standard barometer for the Boyal Sodetj, 
Professor Daniell not only followed this process, but aSbst- 
wards boiled the mercury still in vcumo ; and he noticed, as a 
Btriking proof of the absence of ear asxd \^<^ >^Ti<^^ <:xsi^(M!^^ 
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the meronrj with the glass, that although the bore of the tube 
was more than half an inch, yet, on inserting it, the fluid did 
not at onoe fiJl to its usual height, but remained suspended to 
the top of the tube, as water would have done in the same 
tube, until detached therefrom by a few concussions. Yet 
this fine instrument, having no platinum guard, as just de- 
scribed, was found after two years to grow dim (like an old 
looking-glass),* from the insinuation of air-bubbles between 
the glass and the mercury, so that the tube had to be re- 
filled as before; but, in doing so, a ring of platinum was 
added to the open end, which has since preserved the instru- 
ment from deterioration. 

22, As the excellence of a barometer chiefly depends on 
the absence of all matter except mercury from the tube, we 
may test its value by three indications : — First, by the bright- 
ness of the mercurial column, and the absence of any flaw, 
speck, or dulness of surface; secondly, by the ba/rometric 
light, as it is called, or flashes of electric light in the Torricel- 
lian vacuum, produced by the friction of the mercury against 
the glass, when the column is made to oscillate through an 
inch or two in the dark ; thirdly, by a peculiar clicking 
sound, produced when the mercury is made to strike the top 
of the tube. If air be present in the tube, it will form a 
cushion at the top, and prevent, or greatly modify, this 
dick. 

* Professor Daniell remarks : — '* There is a defect which may often be 
observed in old looking-glasses, which may probably be referred to the 
same cause as the deterioration of barometers. I allude to a dalness 
which takes place in large spots over their surface, and which generally 
seems to radiate from the centre. I have frequently remarked this in the 
very old mirrors in some of the palaces upon the continent. I imagine 
that this arises from the slow insinuation of air by the edges, or some 
accidental crack in the metal at the back Sf the glass.'' A damp wall will 
also produce a similar effect upon looking-glasses, the moisture probably 
favouring the entrance of the air. See *' Elements of Meteorology,'' 
Tol. ii. : London, 1845. The two essays on the couatt^QicXxQrck. ^\!k^ ^^\ft.- 
nontion of barometers, are admirable fpec\meTi% ol ^^VSfcw\. x«%RWt^> 
which ought to be studied by every one interertjed Vii VJaa wcW^^sX. 

£2 
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23. The sectional area of the tube is of ao Fig. 16. 
consequence to the height of the column of 
mercury supported If the sectional area be 
equal to one square inch, the column of 
mercury ab. Fig. 16, 30 inches high, will be 
counterbalanced by a column of atmospheric 
air one inch square, and extending from the 
surface of the mercury in the cup b, to the 
top of the atmosphere ; and as we know the 
pressure of the air to be about 15 lbs. on the 
square inch, so the column of mercury, one 
inch square, in the barometer-tube, weighs 
about 15 lbs. I^ instead of mercury, we 
take 15 lbs. of water, and form it into a 
column 1 inch square, we get in such case a 
height of about 32^ feet. If the sectional 
area of the tube of the mercurial barometer 
be only half an inch, the column of mercury I^Kr-*"^ 
will still retain the same height, for it is coun- 
terbalanced by the same height of atmosphere, only the 
column of atmosphere has in this case a base of only half 
a square inch, instead of an inch. So long, therefore, as the 
atmosphere presses with the same intensity upon the surface 
of the mercury in the cup, the column suspended in the tube 
will be of the same height, whatever its internal diameter. 

The height of the mercurial column must be measured 
from the 8ur£eu!e of the mercury in the cistern, — ^from 6, 
Fig. 1 6, for example. Now it will be obvious that the level 
of this surface must always change with the oscillation of the 
column : when the atmospheric pressure increases, and the 
mercury in the tube rises, a portion of the metal is drawn 
out of the cistern into the^tube, and the level of the mercury 
in the drtem is depressed : so, on the contrary, when the 
atmospheric pressure diminishes, a quantity of mercury is 
forced out of the tube into the cistern, and the level of the 
jnetal in the latter rises. I^ therefore, the instrument be 
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fdmisbed with a fixed graduated scale adjuKted to the top 
of the column when the distance between it and the level of 
the mercuiy in the cistern a b, Fig. 16, is exactly 30 inches 
(this being what is called the rieiUrcU pomt of the instru- 
ment), it will be evident that when the top of the column 
sinks to 29 inches on the scale, the distance between the 
two extreme points will be somewhat less, depending on the 
capacity of the cistern^ in which the mercury rises at the 
same time that it falls in the tube. So also, if the column 
rise to 31 inches, the distance will be rather more than 
this, on account of the additional quantity of mercury 
drawn into the tube. J£ the cistern he a section of a cy- 
linder, with a flat bottom, bearing a certain known propor- 
tion to the bore of the tube, such as 1 : 100, and the mer- 
cury rise 1 inch above the neutral point, then as much 
mercury will be withdrawn from the cistern as fills 1 inch 
of the tube ; but as the base of the cistern is 100 times 
greater than the bore of the tube, it is obvioiis that this inch 
of mercury in the tube would cause a fell of only -rJ^th of 
an inch in the level of the mercury in the cistern ; or, in 
other words, the fall of xi^*^ ^^ ^"^ ^^^ ^ *^® mercury in 
the cistern is accompanied by a corresponding rise of i^ths 
in the tube. A similar effect is produced by any other change 
in the height of the column, so that, if the inches on the 
graduated scale be made each x^^^ P^^ ^^^ thsai an inch, 
the instrument will afford tolerably correct results. In some 
instruments, however, the scale, accurately divided into inches 
and parts of inches, is made moveable, and terminates in an 
ivory point, which is brought down to the surface of the 
mercury. When this point and its reflection appear to be in 
contact) the height indicated by the scale is correct. In other 
forms of the barometer, the mercury in the cistern is always 
maintained at the same level, for which purpose the cistern 
is formed partly of leather, so that, by means of a screw at 
the bottom, the surface of the mercuiy Taa.y «\nv«^^ \sfe ^^- 
jasted to the neutral point before taking avi oXi^xN^HAsya- ^^^^^^ 
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cistem is also Bometimes provided with a gauge or float, 
-which indicates when the mercury in the cistern is too high 
or too low. By turning the screw one way or the other, the 
mercury in the cistern is adjusted to the proper level. "When 
there is no gauge, the relative capacities of the cistern and 
tube are ascertained and marked on the instrument, together 
with the neutral point. In an example given by Mr. Bel- 
ville,* the capacity for every inch of elevation of the mercury 
in the tube is supposed to be equal to -^, which, reduced to 
a decimal =: 0*025 in. per 1 inch, 0'013 in. per ^ inch, 
0007 per \ inch. 

Inches. 
Then if the observed height » 30*400 
And the neutral point be = 30*000 

The difference above thc"^ , .«« 

neutral point will be J 

Then add for capacity + '010 

The correct height will be 30'410 

In this case the observed height is above the neutral 
point j in the following example it is below it : — 

Inches. 

Observed height 29*500 

Neutral point 30-000 

Difference below neutral point. . '500 
Subtract for capacity — '013 

Correct height 29*487 

24. As the range of the barometer in this country is 
limited to about 3i inches, it is not necessary to commence 
the scale from the neutral point : the divisions usually begin 
at the 27 th inch, and are continued to the 31st. But in 
instruments intended to measure the height of mountains, or 
for accompanying balloons, the scale begins at the 12th or 
15th inch. Each inch is divided into ten parts, and these are 

* A Manual of the Barometer, by J. H. Belville, of the Royal Obser- 
vatory, Greenwich : London, 1849. This cheap but excellent little work 
ought to be in the hands of every one who uses a barometer. 
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subdivided into hundredth! by f^- 17> 

metuiB of a Email sliding aoale, 
called a vernier or ntmiue,' at- 
tadied to the mde of the ^aigo 
acale, aa in Fig. 17. It mewuree 
exactljr one inch and one-teuth in 
length. Bad is divided into ten 
equal parts, numbered from the 
top downward ; while the divi' 
sioos of the iaohee of the scale 
are numbered from the bottom 
upwards. Now as 10 (Bvisions on 
the Temier are eqnat to 1 1 on the 
sctde, and as these 10 are all 
equal to each othw, it follows 
that each divieioii of the former 
must be equal to lygth division 
of the latter, or to ^Vsth inch. 
H, therefore, any dinaion of the 
vernier ooinotde, or is in a line 
with a division on the scale, tbetwo 
lines immediately above or below 
those which coincide, will be sepa- 
rated by a distance exactly equal 
^ Thet^ '^*^ ) ^^^ P"^! ^^^ 
divisions removed from the first, has a deviation of t^^ 
of an inch, and so on. Thus, in Fig. 17, the Une marked 6 
ou the vernier, coinddes with the line 38'9 on the scale j 
but the two lines immediately above them, marked S and 
29, do not exactly coincide ; and this want of coincidence 
must amount to .^th of ^th of an indi, or y^ of an inch. 
Ie the next two lines, marked 4 and 291, it will be 

* So called from Peter Yenuer, ■ gentlemsn of Fnncha CompU, who 
deicribed it in a tract printed at Brniseli, in 1631. The word ntmiurh 
ientti from Peter Nuunei, or Nonioi, w bii name hii been Latiuiied, 
a Portagnraa matheautidui, bom at Alcuai, in U97. 
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seen that thej &il to coincide by -^ih. of -j^th of an inch, 
or x^th of an inch. In like manner the lines marked 3 and 
29-2, 2 and 293, 1 and 29*4, and and 29*5, deviate 
from each other respectively by T^th, y^th, tto^^^ ^'^ 
-j-g^th of an inch. The same measuring will also apply to 
the lines situated below the coincident lines marked 6 aad 
28*9 : thus 7 and 28*8, immediately below themy( &il to 
coincide by xotj*^ ^^ *^ ^^^ *^^ so on with respect to the 
others. The point to be attended to is that a division on 
the yemier is y^^^ ^^ ^^ ^^^ larger than a division on the 
scale. 

In applying the vernier to measure off small portions of an 
inch in the height of the barometer, we first notioe the 
height of the column by the fixed scale, which, in Fig. 17, 
is more than 29*5 inches, but less than 29*6. In order to 
measure the hundredths of an inch, we place the zero or top 
of the vernier scale, exactly level with the top of the me^ 
cury. We next observe that, of all the lines on the vemiep, 
only one can coincide with a line on the scale. In the figoiB 
the line marked 6 on the vernier, coincides with a line <m 
the scale, and as from the top of the mercury to these ooinr 
cident lines, there are six pairs which do not coincide ; and 
as each pair deviates by x^th of an inch more than the pair 
below it, the uppermost pair must evidently differ by y^th 
of an inch. We thus get the height of the mercury in one 
figure, which is 29^ inches and x^*^ ^^^> ^^f o^cpreflsed 
decimally, 29*56. 

25. The words " Change," " Fair," and " Bain " engraved 
on the plate of the barometer, are calculated to mislead; 
for, as Mr. Belville remarks, "from the observations of 
two centuries we find that heavy rains, and of long oour 
tinuance, take place with the mercury at 29*5 inches, at 
' Change ;' that rain frequently fetlls when it stands as high 
as 30 inches, or *Fair;' and more particularly in winter^ a 
fine bright day will succeed a stormy night, the mercmj 
ranging' as low as 29 inclies, ox op^oei\ie \a ^^Skaiai2 'V^ S& 



DSFECfIS OF OOMMOK BABOMETERS. 47 

not SO much the absotttie height as the actual rismg and 
fidling of the mercury, which determines the kind of weather 
likely to follow." Instrument-makers still continue to en- 
grave these words on the scale, apparently for no other 
reason than old-established usage; their customers would 
probably think the instrument imperfect without them, just 
as the readers of ** Moore^s Almanac" insist upon having the 
supposed influence of the planets upon the different members 
of the body entered for every day in the year. Indeed, the 
defects of the common barometer, as it leaves the hand of 
the instrument-maker, are so serious as to render this instru- 
ment almost worthless to science. ''In the shops of the 
best manufacturers and opticians," says Professor Daniell, 
" I have observed that no two barometers agree ; and the 
difference between the extremes will often amount to a 
quarter of an inch : and this with all the deceptive appear- 
ance of accuracy which a nonius, to read off to the dOOth 
part of an inch, can give. The common instruments are mere 
jdaythings, and are by no means applicable to observations 
in the present state of natural philosophy. The height of 
the mercury is never actually measured in them, but they 
are graduated from one to another, and their errors are thus 
unavoidably perpetuated. Few of them have auy adjustment 
for the change of level in the mercury of the cistern, and in 
still fewer is the adjustment perfect : no neutral point is 
marked upon them ; nor is the diameter of the bore of the 
tube ascertained : and in some the capacity of the cisterns is 
perpetually changing from the stretching of a leathern bag, 
or from its hygrometric properties. Nor would I quarrel 
with the manufacture of such playthings ; they are calculated 
to afibrd much amusement and instruction : but all I con- 
tend for is, that a person who is disposed to devote his time, 
hia fortune, and oftentimes his health, to the enlargement of 
the bounds of science, should not be liable to the disappoint- 
ment of finding that he has wasted a&I, {roin tYieim^'cl^i^vs^^'l 
Hioae instramenta, upon the goodness oi 'wYii<^\i'b coxicfev^^"^^ 
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had good grounds to rely. The questions, now of interest to 
the science of meteorology, require the measurement of the 
50pth part of an inch in the mercurial column ; and not- 
withstanding the number of meteorological journals^ wbidi 
monthly and weekly contribute their expletive powers to 
the numerous magazines, journals, and gazettes, there are 
few places, indeed, of which it can be said that the mean 
height of the barometer for the year has been ascertained to 
the 10th part of an inch." 

26. The barometer ought to be fixed in a truly vBrfcioid 
positiou, and if possible with a northern aspect, in order 
that it may be subject to as few changes of temperature as 
possible. It is usual, for the sake of comparison, to reduce 
the observations to 32°, for which purpose tables for oorreo- 
tion for temperature are given in scientific works devoted to 
the subject of the barometer. " The height of the cistem of 
the barometer above the level of the sea^ and, if possible^ the 
difierence of the height of the mercury with some standard, 
should be ascertained, in order that the observations made 
with it should be comparative with others made in difierent 
parts of the country. Before taking an observation, the 
instrument should be gently tapped, to prevent any adhesum 
of the mercury to the tube ; the gauge should be adjusted to 
the surface-liue of the cistem, and the index of the vernier 
brought level with the top of the mercury." The appli- 
cation of the barometer as a weather-glass will be notioed 
hereafter. 

27. Various contrivances have been made for increaODg 
the length of the scale, or for making it more convenient lor 
use. The most popular form is the oommon -wheel-4Munh 
meter, or wecUher-glaas, as it is called. In this instnuneDt^ 
the tube, instead of terminating at the bottom in a cistenif (^ 
is recurved so as to form an inverted siphon, as in Fig. 1& - ^^ 
As a rise of the mercury in the longer or clo6ed HmbiB j^ 
equivalent to a &I1 in the shorieT limb, t&nd vice vend, a float 

is placed on the surface of tlie meTCwrj m >(\2^ ^l&fsl^«L\EB^ y^ 
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Mid u oonnectod with a string pasaing over a pulley, and 
Teiy naarlj balanced by anotber weight on the other mde of 
the pulley. An index hand attached to the pulley moves 
over the mirfiice of a dial-plate, gradu&ted so as to indioate 
die oflcdllationB of the mercurial coluum. With an increase 
of atmoepheric pressure the mercuiy in the longer tube 
rises, and that in the short tube is depressed, together with 
the float, and this g^ves a small motion of revolution to the 
pulley, and also to the attached index hand. A fall in the 
kmger column causes the mercury with its float in the short 
limb to rise, and consequently moves the index hand in the 
contrary direction. 

Hie siphon form of barometer, as commonly made, is 
inferior to the dstem barometer, because a change of pres- 
sure, such as would make a difj^reuce of 
nearly an inch in the upper level of the ^' _ 

latter, would show but half an inch in 
each level of the siphon ; for slthough 
the sui&ces of the mercury in the longer 
and shorter limbs would be an inch &r- 
ther apart, that inch would be com- 
pounded of a rise of half an inch at one 
■ur&oe, and a oorresponding &11 at the 
other. The unit of measure, therefore, 
becomes only half as great, and necessarily 
diminishes in utility. In our figure, how- 
ever, the upper end of the tube is ex- 
panded into a bulb, in order that, by en- 
largpng the upper sur&ce of the mercury, ■ 
the diferenoe of level may be made to I 
depend almost entirely on the lower si 
&oe, giving the same advantage as ii 
oommon barometer with a dstem t^tbe 
Mune horizontal area as the bulb. 

S8. The desire to produce a more deE- 

of the atmoapheric pxenaxQ Tm» \rA ■» '^* 
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construction at various times of a tooUer4wri>meler, the lower 
surface of the water being protected from direct ocmtici 
with the air by a layer of some more permanent liquid, sndi 
as oil, or some elastic solid, such as Indiarmbber. Soon 
after the invention of the barometer, a water-barometer wm 
constructed by Otto GiLricke (the inventor of the air-pump)^ 
and afterwards by Mariotte. It was supposed that the 
greater range of its oscillations would measure more minute 
changes of pressure. An instrument of this kind was con- 
structed by Professor Daniell for the Royal Society. It 
consists of one entire tube of glass, which was drawn out to 
the length of 40 feet without much difficulty. Its diameter 
is about an inch, and the average height of the fluid cdlamn 
400 inches. When originally put up in the year 1832, the 
water in the cistern was covered with a layer of castor oil ; 
but as that did not prevent the admission of the outer air, 
it was found necessary to refill the tube. This was done 
in January, 1845, and a solution of caoutchouc in ni^htha 
was substituted for the castor oiL In windy weather thu 
barometer appears to be constantly fluctuating, indicatiiig 
numerous changes of pressure, which have no sensible e£Eect 
on the most delicate mercurial barometer ; the ooliunn 
appears to be in a state of perpetual motion, comparod bj 
ProfeHsor Daniell to the slow act of respiration. Bat the 
most important result is, that this instrument preoedea by 
one hour the mercurial barometer of half an inch boire^ as 
this does the mountain barometer of 0*15 inch bore, by 'the 
same interval in their horary oscillations ; showing that, 
while philosophers are disputing about the houra of the 
maxima and minima, much depends upon the constraction of 
the instrument observed. 

29. For the measurement of heights, and as a oompanion 

for the scientific traveller, the barometer has been made poart- 

able. The portable barometers of Gay Lussac, of Trooghton, 

and o£ Portin, are those best known. In making an obnr- 

vatioDj the • barometer can \>e luuoif^ ^ ^da "^Y^ "^(wi^k ^^ 
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tripod atand, as in Fig. 19, the 
rtaad itself serving as a seonre 
case for p««lt'"g and oonveying 
the inatnunent. Quy Lussac's 
bftrometar is of the siphon form ; 
that td the other two makers 
is -wbat the French call d eu- 
vfUa, that u, with a oiatem. Aa 
the level of the mercmy rises 
or Alls in the tube, it falls or 
riaea in the oistern, and in order 
to measDre correctly variations in 
the lemgih of the oolumn, these 
two elungea of level most be 
attended to, as already explained 
(23). For this purpose, the 
bottom of the cistern is moveable ; 
it ia formed of leather, and rests 
upon the flat extremity of a 
acroip a. Fig. 19, and shown on a 
laiger scale in Fig. 20. Bj turn- 
ing this screw in one direction, the 
bottom of the dstem will evi- 
dsntljr be raised, and in the other 
direction lowered, and the level of 
the meroory in the cistern will 
nndergo a oorre^tonding change. 
Hraoe this level can alwaja be 
a^josted to the neutial point 
befive taking an observation, so 
tiiat the variations in the mercu- 
rial column may truly represent 
varifttions in atmospheric pressure. 
To fiuilitAte this operation, the 
cisteni is famished with an ivory 
point, wbieh descends exACtly to 





the level of the zero, or neutral point of the K(. 20. 

scale, and the mercury is screwed up or 
down until the re(d and the reflected ends 
of the ivory appear to coincide j or, as in 
Kg. 20, wbicb represents the cistern of 
Troughton's instrument, the screw is turned 
so OS just to exclude the light from paaa 
between the suriace of the mercuiy and 
the upper edges of the slite in the faraas 
cover with which the cistern is provided, 
the upper edges of the slits representing 
the commencement of the scale of inches. 
The tube is also inclosed in ,a brass ce 
the lower part of which contains a thermo- 
meter. The divided scale commences at 15 
iDchea above the neutral point, and is con- 
tinued as high as 33 inches, each inch 
being subdivided in^ 1,000 parts by means 
of a vernier, ^ Fig. 19. A slit &omend to end of the divided 
scale exposes the glass tube and the mercury. In taking 
the height of the mercuiy, the vernier point is brought down 
so as just to exclude the light from paamng between it and 
the spherical EHir&ce of the top of the column of the mercury. 
In order that the observation may be coiTOCt, it ia necessary 
that the barometer be exactly vertical, for if inclined, the 
space occupied fay the mercury would have a somewhat 
greater length than that which b really due to atmospheric 
pressure. The bead of the tripedal staff is therefore otm- 
structed somewhat in the same manner as the gimbals which 
aupp<»1^ a compaaa-bowl or a chronometer. The application 
of tbis instromeut to the measurement of heights will be 
noticed farther on (S6). 

30. As instrument named the tmeroid * bwromeler has 
been invented by M. Vidi of Paris. Its action depends on 
* FVom two Oretk words, Hgnifying without fluid, i. «., ncdtber 
^tnsvurr JW inter u tiaeil ID it* oonitruetiiDa. 
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the efiect produoed by the presnire of the atm<»phere on a 
metaUio box depriTed of Eiir and hermetically sealed. An 
index faKTBtmng a dial. Fig. 21, records the changea in the 
veigh* or pnaflure of the air on a giren Bur&ce. It is 4| 
indies in diiuneter acrow the &C8, and IJ inch thick. 
It li gmdmted to coireapond with the menmrial barometer, 

Ks-21. 




and two am^ thermometers are fixed on the &«e of the 
dial, one gmdnated according to the Centigrade and the 
other after Fahrenheit's scale. Fig. 33 shows the internal 
conatonctioo, as seen when the face is remored, bat with 
the hand etiU attached, a is a flat rarcular box of wbite 
metal, abont' \ inch in depth, with the sur&cee ccamgated 
in ooncmitrio oirolee, to giye it greater elasticity. This box 
being exhansted of air through the short tube o, and then 
made aii^ti^t byaoldOTing, forms & B<fniig,w\a<^S&«£R«Jw& 
byeytaj raristtos of' preesnre in the ©itetiui «i. T^aa\*t»- 
f 2 



5t TKB AFIKOm BASOHET^ 

is attached to tlie bottom c^ the metaUic oaae vhich incloses 
the mecbanism of the inBtnuaent. At the centre of the 
upper surfiice of the elastic box is a solid projection, c, 
about half an inch high, to the top of which the principal 
lever D r i ia attached. Thie lever rests partly on a spiral 
spring at i, and is also supported hy two vertical pins. 

Fig. 22. 




with perfect freedom of motion. The end a of the prin- 
cipal lever is attached to a second or small lever, from 
which a chain, b, extends to the centre, where it works on 
a drum attached to the arbour of the hand. A h&ir-spri&g, 
the attachments of which are made to the metallic plate l, 
regulates the motion of the hand. 

As the weight or premnre of the atmosphere is increaeed 
or diminished, the sorbce of the elastic box a is depressed 
or elevated, and this motion is communicated through the 
levers to the arbour of the hand. The spiral spring, on 
which the lever r^sts at i, is intended to compensate for 
the efiects of alterations is temperature of the minute por- 
tion of air which the box must contain, however perfect 
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the exhaustion. The actual moyement at the centre of the 
elastic box, from whence the indications emanate, is very 
slight ; but this is increased 657 times at the point of the 
hand ; so that a movement to the extent of ^nd part of 
^th of an inch in the box carries the point of the hand 
through 3 inches on the dial The tension of the box 
in its construction is equal to 44 lbs. At the back of the 
outer case is a screw to adjust the hand to the height of a 
standard mercurial barometer.* 

31. There are other barometrical instruments of greater 
or less utility, which have been introduced at various 
times for measuring the absolute pressure or elasticity of 
any fluid in which they are placed. We must refer to larger 
treatises for an account of these instruments, but we may 
notice the principle upon which certain instruments, called 
diffhUrerdud barometers, are constructed. They consist essen- 
tially of a portion of liquid placed in the bend of a siphon 
tube shaped like the letter U, having its two ends open 
to the two fluids whose pressures are to be compared. The 
difference of these pressures causes a depression of th4 liquid 
in the leg exposed to the greater pressure, and an eleva- 
tion in the other leg ; the column of liquid thus sustained 
balancing the excess of pressure on the lower level above 
that on the upper. The difference of pressures is exactiy 
measured by the diflerence of these levels. 

Such an instrument, with mercury as the measuring fluid, 
fbrms the common mercu/rial gcmge used for showing the 
elasticity of steam in the boiler and other parts of a steam- 
engine. One end of this tube, a, Fig. 23, being inserted 
in the boiler, cylinder, or condenser, and the other end 
being open to the air, the rise of the mercury in the outer 
limb shows the excess of the elasticity of the steam above 
that of the external air ; or, with another form of instrument, 
where the inner limb next the boiler is twice the length of 
the outer^ its depression in the outer '^ixx^, «xA\^T^a^ \2^ 

* Redwood, Pharmaceutical loumvl. 
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the inner, show the excess of the atmo- 
spheric pressure over that of the unoondenaed 
vapour remaining in the condenser; or over 
that of the low-pressure steam, when such is 
used. In either case, as the support of 30 
inches' difference of level in the mercury re- 
quires a pressure, or difference of pressures^ equal 
to the atmospheric pressure, or about 15 lbs. 
per square inch, the difference of pressures will 
always amount to about half as many pounds 
per square inch as there are inches between the 
two levels of the mercury. A scale attached to 
the gauge indicates the amount of pressure at a 
glance. 

The use of steam of very high elasticity in 
marine, and especially in locomotive engines, re- 
quiring the extension of this instrument to an 
inconvenient length, has led to the substitution 
of apring-preaswre gauges, which, although free 
from the inconveniences of the mercurial gauge, 
are inferior in principle, because, as every spring 
is constantly weakened by use, the value of the 
scale of these instruments must be constantly 
changing. 

32. When the difference of the pressures to be compared 
is very small, the difference of level in the mercury is not 
easily measured ; all that is necessary to increase the deHoacy 
of the instrument is to substitute a lighter liquid, such as 
water, which being, as we have seen (13), raised nearly four- 
teen times higher than mercury by the same pressure^ renders 
the indications nearly fourteen times more delicate. This 
simple instrument, a siphon tube. Fig. 24, containing a little 
water, was applied by Dr. Lind as an cmemosoope, or mnd- 
metufwreTy one end of the siphon being bent horizontally, so 
as to &ce the wind. The two limbs of the tube were each 
about 9 inches long, and -^JOca oi soi \n^ Vsl dAUBv^^Asc^ %3A 
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they were connected at their loww extremities Fig* 24. 
hy a smaller tube ^th of an inch in diameter, 
for the purpose of retarding the quick oscilla- 
tions of the fluid by irregular blasts of wind. 
A scale of inches is placed between the two 
limbBy the zero corresponding to the level of 
the fluid in both tubes when subjectea to 
equal pressures. In our %ure the two levels 
being each 1^ inch from zero, their difference 
is equal to 3 inches. It was found by this 
instrument, that the difference of pressures on 
the windward and leeward sides of any object, even in the 
greatest gales, bears but a very small proportion to the whole 
pressure, for, while the latter is capable of supporting from 
29 to 30 inches of mercury, or from 32 to 34 feet of water, 
the column of water supported in the wind-gauge never ex- 
ceeds a few inches. While the average pressure of the air in 
all directions, therefore, amounts to 14^ or 15 lbs. on a square 
inch, or above 2,000 lb& on a square foot, the difference of 
this pressure in different directions, produced by wind, never 
exceeds 15 or 20 lbs. on the square foot, even in the greatest 
storms of our climate. 

As this difference of pressures bears a simple relation to 
the velocity of the wind, the latter is easily calculated from 
it ; and in this manner the following table has been con- 
structed, to show the velocity and the pressure on a square 
foot of sur&ce corresponding to different heights of water 
supported in the gauge, and to different £similiar designations 
of the intensity of wind. 



Detignfttion 
of wind. 

Oeotle breeze 


Veiodty in 
miles per hour 

3-25 


Inches of irater 
supported. 

0*01 


Pressure on 
a square foot. 

0*83 oz. 


PleaMnt breeze 


6*5 


0*04 


3*33 oz. 


High wind 


16*25 


0-25 


1 lb. 5 oz.. 


Storm or gale 


32*5 


1* 


51b0. 3oz. 


Great Btorm 


56*29 


3* 


151ba. 9o&. 


Hurricane 


79*61 


6- 


^\.Yia%. ^«*. 


nmaeDdoug hurricuie 97*5 


9- 


4«iYi».Vl.ox, 
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Henoe it appears that the pressure increases as the aqtta/n 
of the wind's velocity, as will he seen hy comparing eithnr of 
the two latter columns of the tahle with the second. 

This simple and el^ant instrument has, like the mer- 
curial steam-gauge, heen superseded hy the more manageable 
but less accurate measure afforded by the compression of a 
spring. Machinery connected with such a spring has been 
made to move a pencil over paper, so as to keep a continual 
register of the variations in the intensity of wind as well as 
in its direction ; and the registers so kept for the last few 
years have elicited some remarkable facts in meteorology, 
and must conduce greatly to its progress. A fine amefmo- 
meter, or machine of this kind, is erected on the roof of the 
Eoyal Exchange in London, and is made to register its 
indications in a room below.* 

33. There are a few other sources of error, in addition to 
those already mentioned, for which allowance must be made 
in estimating fluid pressures. One of these is the e£fect of 
capUUmiy already alluded to. In the water-ba^meter 
capillary attraction raises the water somewhat higher in the 
tube than is due to pressure alone, but in the mercoiud 
column it is somewhat lower, so that in nice observations a 
correction has to be made for capillarity. 

In a tube of small bore, when the mercury is rising, its 

sur£a«ce is convex ; when it is faUi/ng, it is concave, as if the 

centre of the fluid column always preceded the sides in all 

. its motions ; as the centre of a river or of a glacier moves 

fasteir than its sides, which are retained by friction agunst 

"the banks. 

Another effect is due to heat, the general tendency of 
which is to expand all bodies. Hence a rise in the baro- 
metric column may be due to increased atmoiEqpheric tem- 
perature, and not to increased pressure j but as this will also 
operate on the graduated scale, and also on the glass of the 
^ barometer tube, these different expansions may, to a certain 
aboUi, * See the Essay on AneinomQto^/m>^ kv^^&daau 
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extoit^ oorrect each other. But as solid metals, sach as the 
scale ia made o^ and mercury and glass, expand unequally 
from the effects of temperature, it is necessary, in very nice 
observations, to apply certain corrections : for common pur- 
po8e% however, these corrections may be neglected. 

34. This leads us to the consideration of the effects of 
temperature upon aeriform bodies. 

Under ordinary circumstances the elastic force of air 
varies in the same ratio as its density, provided, however, 
that its temperature remains unchanged. This element 
most always be '^ taken into account in all comparisons of 
density and elasticity, because change of temperature in any 
body is necessarily attended by a change in the relations of 
its density and elasticity. When, therefore, it is stated that 
an increase of temperature produces an increase in the bulk 
of a body, or, in other words, a diminution of its density, we 
suppose its elasticity to remain unaltered, which would 
necessarily be the case if always confined or prevented from 
further expansion by the same degree of pressure, such as 
the common atmospheric pressure. An alteration of this 
pressure, however, even although amounting to its entire 
removal, or to its increase several times, produces so little 
change in the density of solids and liquids, compared with 
the change produced by a single degree of temperature, that 
these changes may be totally neglected in stating the effects 
of heat on those bodies. But the case is very different with 
gases, and we now proceed to study the simple and beautiful 
relations between their properties and their temperature. 

As any change of density is accompanied by a similar pro- 
portional diange of elasticity when the temperature remaips 
ocmstant, so any changes of density and of temperature are 
aimi^y proportional to each other when the elasticity remains 
constant, and so also are all changes of temperature and 
elasticity proportional to each other when the density 
remains constant. Any one of theae tVo^e ^\b\si<^si^ui^\)K9ks!k% 
tmcbanged, the changes of the otlneT two «s« ^'^'^'^^'^^^ 
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each other; no one element of the three can be altere<j 
without altering one of the others, but it may be either one : 
and when any two of them are constant, the third is alsc 
constant : so that, any two of them being given, the third i^ 
known. 

Hence an increase of temperature does not necessaril]^ 
cause bodies to expand, for this expansion may be restrained 
by the application of sufficient pressure ; but this pressure is, 
in the case of solids and liquids, so great, or, in other words, 
their increase of elasticity is so great, for small increments of 
heat (supposing their bulk to remain constant), that probably 
no available amount of mechanical force could sensibly pre- 
vent their expansion. But the expansion of air is to some 
measurable extent impeded by the smallest measurable 
pressure ; and even a change of pressure that would double 
its bulk may be prevented from causing any expansion, by 
inclosing the air in a vessel of moderate strength. But as 
air, however small in quantity, always fills the vessel in 
which it is inclosed, it is evident that no change of tem- 
perature can in this case alter its bulk except by bursting 
the vessel If the vessel be strong enough to prevent this, 
the inclosed air, although its density be unaltered, must 
have the repulsive force of its particles, that is, its elasticity 
increased by increase of temperature j so that, if the elasticity 
of the external air remain unchange'd, the vessel will have to 
bear a greater pressure on its inner than on its outer sur- 
face; and when the difference of these two pressures 
becomes greater than its cohesion, it will burst, as happens 
with an inflated bladder held near the fire. The warm air 
thus liberated suddenly expands, until its elasticity becomes 
equal to that of the surrounding cold air, although its den- 
sity is less than that of the latter, so that it will ascend 
through it. 

35. When, therefore, it is said that portions of air and of 
gas expand Hke other bodies by heat and contract by cold, it 
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must always be remembered that this is true only when 
their elastic force remains unalterecL Otherwise, whatever 
change any degree of heating or of cooling may produce in 
their bulk when the elasticity is unaltered, it will produce 
the same change in their elasticity when their bulk is unal- 
tered. To render the effect of expansion visible and mea- 
surable in these bodies^ they must be confined in such a way 
that their elasticity may always balance a constant pressure, 
or a constant height of some liquid. To effect this requires 
much care and accuracy ; but, from very exact experiments 
made in this way, the expansion of airs has been found to 
present the three following remarkable features : — 

Fvr9t. They are more expansible for a given increment of 
heat than either solids or liquids. For example, steel is in- 
creased in length only TdW*^> ^^ "^ ^^^ ^^7 sirr*^* V 
being heated 180° from the temperature of melting ice to 
that of boiling water. But in the case of liquids mercury 
expands about -^th, water about -^nd, and oil about -^th 
of its bulk by the same increase of heat. Air, however, is 
expanded by the same change (its elasticity remaining con- 
stant), no less than f ths, so that 8 measures of air at the 
freezing temperature become 11 at the boiling point of 
water. 

Secondhf. That, although each solid and each liquid has its 
own peculiar rate of expansion, yet aU gaseous bodies have 
the very same rate of expansion, namely, that above stated, 
which i4)plies to aU gases as well as to atmospheric air. 

Thirdly,. That, while all known solids and liquids expand 
in an mcreasmg rate or with greater rapidity the more they 
are heated, airs on the contrary seem to preserve an equable 
rate of expansion at all temperatures, their increase of bulk, 
for example, being the same from 0° or zero to 100^ as from 
100® to 200*» y and as their expansion from 32° to 212° 
Fahrenheit amounts to fths of their bulk at 32°, it 
follows liiat every degree on this scale cott^'s^y^'ii^ \/^ ^ 

O 
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change in their bulk amounting to -i^th* of the bulk al 
32° (supposing their elasticity unchanged) ; but if their 
density remain constant (as when they are confined in a givea 
space), then each degree of Fahrenheit alters their elastkiiy 
by iTTcy*^ ^^ whatever the elasticity would be at 32°. 

Hence, if the temperature of any gas be estimated from 
an imaginary zero 480'' below the freezing point of water 
on Fahrenheit's scale, or 448° below Fahrenheit's zero, the 
temperature so reckoned will be directly proportional to the 
elasticity of the gas when its density is unchanged, or 
inversely proportional to the density when the elasticity is 
unchanged ; or, when either of these two elements is constant^ 
the other varies in the same ratio as the temperature on 
Fahrenheit's scale, augmented by the constant quantity 448°. 

K we know the numerical measure of the density cor* 
responding to a given elasticity at a given temperature, we 
can then find under any other circumstances the value of 
any one of these three elements when the others are given.- 
In the case c^ common air these data have been measured 
most accurately by Dr. Prout, who found that when its tem- 
perature is 32*^, and its elasticity balances the pressure of 
30 inches of mercury, its density is such that 100 cubic 
inches of space contain 32*7958 grains troy of it. 

The relation of these data is different in difiTerent gases. 
Thus, when common air and chlorine have the same tempe> 
rature and the same elasticity, the chlorine is two and a half 
times as dense as the air ; while, on the other hand, air is 
more than fourteen times denser ihsxL hydrogen of the same 
temperature and elasticity. Hence the reason that a baUoon 
ascends when filled with hydrogen, which is necessarily of 
the same elasticity as the air which presses on it. But in 
order to render the densities of these three gases equal, the 
hydrogen must have fourteen times the elasticity of the air, 

* The reader will easily perceive that this number is obtained by dlTiding 
280 (the number of degrees between 52.° and 2\*i° ¥aXvt.'\ by ^. Recent 
experiments, however, assign the fraction -t^ ot -^^, VcA\x»dt. ^1 .,^, 
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and this must have two and a half times the elasticity of the 
chlorine (suppodng their temperatures equal). But in every 
gas the same simple relations suhsist hetween these three 
properties ; so that^ when the temperature is reckoned from 
— 448% then any two of the three {tempenUwrej elasticUy, and 
density) are proportional, when the third is unchanged. 

36. In order to gain clear ideas of the relations subsisting 
between the temperature, the elasticity, and the density of 
aeriform, matter, it is necessary to limit our attention to a 
Volume of air confined in a close vessel, or in a tube such as 
that by which the law ofMarioUe was illustrated (9). It is 
obvious that these relations or laws could never have been 
discovered by studying the effects of heat on the atmosphere 
itself; but having once established them by experiment, the 
natural philosopher knows by analogy that what is true on 
the small scale of experiment is equally true on the grand 
scale of nature. Experiments form a sort of index to the 
volume of creation ; they guide us in our search by telling 
us what to look for; and, confiding in the constancy of 
nature's Ixwb, the natural philosopher ascends from a few 
experiments with glass tubes and a little mercury to grand 
and comprehensive generalizations. 

But, before we can understand the effects of heat upon the 
atmosphere, it is necessaiy to study another relation between 
heat and air. 

37. All fluids are very bad eondudors of heat, that is, the 
amount of heat which is capable of passing from particle to 
particle without disturbing their relative position is almost 
inappreciable. But the perfect fluidity and great expansive 
power of air renders it a most admirable eonoeyer of heat 

We may illustrate the difference between conductum and 
convectkm by comparing the action of heat on a solid with 
that on a liquid. If one end of an iron rod be placed in the 
fire, the heat will travel to the other end just as quickly 
whether the rod be inclined upwards or downwarda It will 
also travel very quickly ttpwardg throng a tube of water. 
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Fig. 25. 




but it will not travel doumwarda, or, if it does travel at all 
downwards, it will be so slowly, that a lump of ice sunk to 
the bottom of the tube will not be melted, although the 
water at the sur&oe is boiling, as shown in Fig. 25. Hence 
water is called a bad conductor of heat ; 
but it is a good corweyer of heat, as may 
be proved by applying the heat below the 
tube. The particles of water at the bot- 
tom immediately expand by the heat, be- 
come lighter than the parts above them, 
and rise up to the surface, while the 
cooler and consequently heavier portions 
descend and occupy their place ; they in 
their turn become heated and ascend, 
while another set of cooler and heavier 
particles descend, and thus a constant 
circulation of currents is established until 
the whole of the water attains the boiling 
point. But when heat is applied at the surfisu^, no such 
currents are established, the upper layer becoming heated 
without commimicating much, if any, heat downwards. 

It may be supposed that such an experiment as this 
does not apply to the atmosphere heated by the warm rays 
of the sun. It does, however, apply with the greatest 
strictnesa The rays of the sun are not warm in passing 
through transparent media, such as air; they give out no 
appreciable heat until they are arrested by some body capable 
of receiving them, and then, and not until then, is any 
warmth experienced.. Even at the equator the air receives 
comparatively no heat from the powerM vertical rays of the 
sun above, but is heated almost entirely from below by the 
surfaces on which it rests, which are made hot by the rays 
which have passed through the clear air without any heat- 
ing effect. This beautiful provision is necessary to give mo- 
tion to those horizontal currents which produce vrmd, and 
those ascending and descending currents which mingle all 
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the paxtides of air, and tend to preserve its purity, and to 
equalize the distribution of heat throughout the atmosphere. 
If the atmosphere were heated from above instead of from 
below^ it would arrange itself in layers as fixed and deter- 
minate with respect to each other as those of a sedimentary 
rock, only increasing in density by night and expanding by 
day ; all then would be a universal calm ; there would be no 
cool gales from the temperate zones to mitigate the heat of 
the torrid or the cold of the frigid regions ; the one would 
be desolated by heat and the other by cold, and both alike 
uninhabitable. 

But as the solar rays are vertical at only one spot at a 
time, and become more and more oblique as we recede from 
that spot, evory gradation of temperature is experienced 
from 120° above to 50° below zero. If we suppose two 
spots on the earth's surface, one situated vertically under the 
sun, and the other receiving his rays obliquely, and conse- 
quently with less heating effect, the greater expansion of the 
air over the former spot will cause it to extend altogether to 
a greater height ; but this will not influence the barometer, 
because, although there is a greater height of air on the 
warmer spot, there will be the same absolute quantity on 
both. But as it is impossible for a fluid to remain thus 
heaped up in one spot without tending to assume a level 
sur&ce, the heap of air above the warmer spot will overflow 
and spread over the colder, thus causing an accimiulation of 
more air on the colder place than on the warmer, and the 
barometer will rise at the one place and fall at the other. 
Bat as the lower stratum at the cold spot will thus be more 
elastic than ths^ at the warm spot, the former will imme- 
diately rush into the latter imtil their elasticities are equal- 
ized. This motion constitutes loind. The equatorial regions 
being constantly more heated than the polar, the atmosphere 
above the former (independently of centrifrigal force) must 
always extend higher than over the \atV>^T, «cA. \^'e» xsc^-^iet 
portions must always be overflowing and ten^x^^ \»c> ^t<i^»sa^ 

o2 
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a level enr&ce whicli is never ftttalned. Bat this upper 
current fraai the equator is sapplied by another cnzrent at 
the earth's Buifiice, flowing with equal constant? tovxurda the 
equator. Indeedfthese oontraiy currents exist on a small scale 
in every room in which a fire is burning; but they may bo beet 
illustrated in two adjoining rooms, in one of which is a good 
fire, while in the other there is none. If the door between 
the two rooms be partially opened, the cold air will enter the 
heated room in a strong current ; at the some time the lieated 
air of the warm room ascends and passes the contrary way into 
the cold room at the upper part of the same doorway, while 
in the middle of this opening, exactly between the two 
currents, the air appears to have little or no motion. On 
holding a l^hted candle near the bottom of the doorway, 
where the air is most dense, as Fig. 26. 

at a, Fig. 26, the flame will be 
strongly drawn towards the 
heated room ; and, if held near the 
top of the door, as at c, it will be 
drawn towards the cold room with 
somewhat less force, while mid- 
way between the top and bottom, 
as at 6, the flame will scarcely 
be disturbed. Cases of this kind 
are illustrations of the convection 
of heat, umilar to that which 
takes place in a boiler; and a 
eimilar [irocess is carried on in 
the great atrial ocean, the whole mass of which is kept in 
perpetual inrcnlatlon by the partial application of the son'i 
heat. An upper current of warm air is constantly flowing 
from the equator towards 'the poles to supply the place of tha 
lower current, which flows in the contrary diraction near 
the earth's aur&ce, and forma, in certain latitudee, what an 
ca}led the Trade-mnd». 
38. The tendency to tbe equai^xeAiwa c£ da^iaiB^ «b& <£ 




EFFECTS OF ELEVATIOK. 67 

heat in the atmosphere, or, in other words, to equality of 
pressure in all parts of the same horizontal stratum, and to 
equality of heat in all parts of the same vertical column, is 
the cause of all winds, however they may be modified by 
local circumstances. Equalization of heat, however, does not 
imply an equal temperature. The quantity of heat required 
to effect a given change of temperature in a given portion of 
air depends on its bulk rather than on its weight, because 
the specific heat or capacity of air becomes greater the more 
it is rarefied ; so that by suddenly rarefying a portion of air 
its temperature is instantly lowered, and when suddenly 
condensed its temperature rises ; the new temperature thus 
acquired beiDg, however, in each case only momentary, be- 
cause the equilibrium of temperature is immediately restored 
by the surrounding bodies. But this change of temperature 
is permanent when produced by the removal of a portion of 
air from a denser into a rarer stratum, or vice versd. Thus 
if a portion from the earth's surface could be transported to 
any height, so as to be relieved of a portion of the atmo- 
spheric pressure, its consequent diminution of elasticity would 
be more rapid than that of its density y because this diminished 
elasticity is due, not only to diminished density, but also to 
diminished temperature : the result is an increased capacity 
for beat, whereby it requires more heat than before to pre- 
serve its temperature unchanged ; but it obtains no addi- 
tional supply, because all the surrounding air is as cold as 
itseUl The normal or equilibrial state of the atmosphere as 
regards heat is not, therefore, a state of equal temperature 
throughout its height, but a temperature gradually dimi- 
nishing upwards, according to a simple mathematical law; 
the fall of temperature being equal for every equal height 
ascended, and on an average it is very nearly 3° of Fahrenheit 
for every 1,000 feet. 

This explains the changes of climate so beautifully ex- 
hibited in miniature on the slopes of moxuvtaicks^ ^\^<es^ 
within, a hw miles are brought togeftiet >iNi'a?«i n wfc^'oss^ ^ 
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nature usually spread oyer many degrees of latitude. Thus 
on the sides of the Andes or other intertropical ridges, the 
scenery of every zone is found, and the traveUer in the 
course of a couple of days passes in review the whole scale of 
vegetation ; from matted forests impervious to the sun, filled 
with the aroma of gums and balsams, and resounding with 
the din of animal life, he passes by imperceptible gradations 
into the peaceful woods of a temperate region, where the 
trees, as he continues to ascend, become smaller and less 
crowded j these are gradually succeeded by shrubs, low 
herbage, mosses, and lichens, imtil at length he enters upon 
those awful soHtudes of snow, where organic life appears 
extinct. 

39. This striking succession of changes is explicable if we 
bear in mind that the mean temperature of the equatorial 
atmosphere (which at the sea-level is 82°) is diminished 
1° for every 333 feet of ascent ; so that at the height of 50 
times 333, or 16,667 feet, the mean temperature is reduced 
to 32°, that is to say, it is as ofben below as above the freez- 
ing point ; and, as there is no variety of seasons near the 
equator, it of course freezes every night at this elevation ; so 
that, while there is an eternal summer in Uie plains, there is 
an eternal winter on the mountain-tops. Indeed, it is found 
that no summit exceeding 15,700 feet is ever free from 
snow. 

The distinct line formed by the lower boundary of tibe 
snow on mountains furnishes us with a nahi/ral register 
thermometer on a stupendous scale, as Professor DanieU 
appropriately names it, a scale of which each degree o«japi«. 
more than 300 feet measured vertically. Except at the 
equator, this line of course rises in summer and j&lls in 
winter, the difference produced by seasons being increased 
the farther we advance towards the poles. The lowest 
position of the snow-line depends, of course, on the winter 
temperature, which diminishes immediately from the equator, 
reiy slowly at first ; so that thia "toivX), -wYatSii «Xi Tia ^^^ouai^ 
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within the tropics descends much below 15,000 feet, after- 
wards declines so much as^to meet the sea-level at about the 
40th degree of latitude, while in aU latitudes above this, 
frost and snow occur in winter, even at the sea-leveL But 
the highest position of the snaw4ine, or that limit above 
whichi it never thaws, must of course depend on the summer 
temperature. This line coincides with the former only at 
the equator, and, instead of declining immediately therefrom, 
it even rises a little towards the tropics, because their 
maximum or summer heat exceeds the constcmt heat of the 
equator. Beyond these limits, however, the line of per- 
petual snow regularly descends, until in the central latitudes 
of Europe (on the Alps for example) it is reduced to 8,000 
feet, on the Norwegian mountains to 5,000, and in the 
Arctic Begions it descends to the sea-level. 

Thus we see that a certain rate of upward diminution of 
temperature is necessary to the atmospheric equilibrium; 
but this diminution of temperature produces no currents, 
because the upper strata^ notwithstanding their coldness, 
have no tendency to descend, nor the lower and warm 
strata to ascend, because in changing their position they 
would also change their temperature. Currents can only be 
set in motion by a still greater inequality of tempe):ature, by 
the lower strata becoming still warmer, and the upper still 
colder than the heat equilibrium requires. Now, there is 
a constant tendency towards such an increase of inequality, 
because the lower strata are constantly in the daytime 
receiving heat from the earth or sea, made hot by the solar 
raysy while the upper strata are losing heat by radiation 
into space, the constant temperature of which is supposed to 
be 58° below Fahrenheit's zero. , 

40. From this view of the atmosphere we are able to 
understand the wonderfrd and beautiM contrivance by 
which the winds of the temperate zones are made to miti- 
gate the extremes of temperature, both inth&tYcy^^sAL^s^^ 
the polar regions. It miglit be tlaou^t WwaX. ^iltokfc ^^ts^^issas^ 
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winds next the earth's sur&ce conld not have this douhlj 
beneficial tendency, but that they most dkoaya blow from 
the colder of two parallels into the warmer, as is the caae 
with those currents which produce the trade-winds. We 
must now inquire why this law is reversed in nearly all 
places between the latitudes of 30° and 60°, as in Uus 
country and all over Europe, for example, where the pre- 
vailing winds blow from warmer into colder latitudes. It 
has been already stated (37) that the immediate effect of a 
difference of temperature between two adjoining columns of 
air is to make the warmer column overtop and overflow the 
colder. In fact, all the upper half of the warmer column 
(or the half in respect of quamUty, not hdgkt) is rendered 
denser and more elastic than the corresponding parts of the 
cold column; but this difference of elasticity, which is 
greatest at the top, diminishes downwards to a certain point 
where the pressures of the two columns are equal, and cant- 
sequently there is no wind either way. Below this the dif- 
ference is reversed, the colder column being the more elastic, 
and therefore flowing into the warmer more and more 
strongly as we descend. The trade-winds are thus accom- 
panied by an exactly equal counter-current from the equator 
in the upper half of the atmosphere ; the existence of such a 
current, exactly opposite in direction to that below, being 
abundantly confirmed by travellers who have ascended the 
Peak of Teneriffe, or that of Owhyhee, the only insular 
mountains sufficiently high to reach the upper current. The 
summits of most of the West-India islands, however, ap- 
proach the neutral line of separation between the two cur- 
rents. Indeed, the trade-winds appear to be so much dimi- 
nished there as to be inappreciable above the level of 3,000 
feet, although the other current cannot be felt below 12,000 
feet. The effects of the upper current were strikingly dis- 
played in the volcanic eruption at St. Vincent, in 1812, the 
\ashes of which were carried to Barbadoes ; and those of 
Coaiguinsk, a volcano in central Axnervca,\\«*^^\s^«a.vsK«^vfcL 
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to Jamaica in direct opposition to thQ course of the constant 
trade-wind. light cloudy also, which float at a greater 
height within the tropics than elsewhere, frequently give 
evidence of the same £5uHi. Now it is obvious that this 
upper current, constantly losing heat by its exposure to 
open space, must, after travelling a certain distance, become 
cold enough to descend, and change places with the lower 
current. This change appears to take place usually about 
the 30th parallel of latitude in each hemisphere, which is 
accordingly the outer limit of the trade-winds. Beyond this 
the equatorial current is undermost, and continues to be so 
until it again becomes by contact with the earth sufficiently 
warmed to resume its original position above the colder 
current that proceeds fix)m the polar regions. It will of 
course be understood that the number of these changes that 
may occur between the 30th parallel and the pole wiU 
depend on difference of season, the amoimt of radiation from 
the sun and from the earth, the screening effect of clouds, 
and many other local circumstances, and hence the pro- 
verbial mconstcmcy of the vnnds over the cooler half of each 
hemisphere ; an inconstancy arising, not from the absence of 
exact laws (for these winds are regulated by laws aa fixed as 
those which apply to any other terrestrial phenomena), but 
from the presence of so many disturbing causes, which, as 
they cannot be anticipated, so they cannot be taken into 
account in attempting to generalize the phenomena of these 
winds, — a circumstance which clearly exhibits the folly of 
those half-informed persons who construct weather-almanacs 
for predicting atmospheric changes a year in advance. The 
superior return current from the equator having descended 
at about the 30th parallel commonly continues to be the 
lower current or prevailing wind imtil it approaches the 
polar circle, where it again rises and is replaced by the pdUvr 
galesy which prevail in high latitudes. These are caused by 
the cold and dense air of the polar xe^oii^ «ffi&A\i^«Si.^ 
/spreading in every direction, being overftsyw^ Vg ^s^Vs^^^wa* 
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Fig. 27. 
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of warmer air from every side, which supplies a constantly 
descending cataract of air upon the pole the exact converse 
of the effect at the equator. 

These effects are embodied in one view in Fig. 27, which 
represents a quadrant of the atmosphere between the pole 
p and the equator at e. At E the heated air ascends and 
forms the upper current until it reaches about the 30th 
parallel, where it descends and forms the lower current, 
which it continues to do imtil it approaches the polar circle, 
where it again rises. At the pole P the arrows, are in- 
tended to represent the polar gales descending and forming 
the lower current. On leaving the polar circle, they are dis- 
placed by the warmer return current from the equator, and, 
rising above this, descend at about latitude 30°, and proceed 
to the equator, forming the constant north-east trade-wind 
in the northern hemisphere, and an equally constant south- 
east trade-wind in south latitudes. 

41. But it may be said that this flow of air from the poles 
to the equator ought to produce a. constant north wind in 
the northern hemisphere, and a constant south wind in the 
southern hemisphere, at least within a certain limited dis- 
tance of the equator, probably below the latitude of 30°, or 
over the warmer half of the earth's surface. The reason why 
we do not find this to be the case is on account of the 
motion of the earth on its own axis from west to east. The 
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earth being a sphere, the different parts of its surface must, 
of course, move with very different velocities. At the poles 
the motion is nothing, but at the equator it is 1,042 miles 
an hour ; in the latitude of 30° it is about 900 miles an 
hour; so that in the belt between the equator and lati- 
tude 30°, the average velocity may be stated at 980 miles 
an hour, while the space lying between 30° and 40° does 
not move at a greater rate than about 850 miles an 
hour. 

Now, as the atmosphere may be regarded as an integral 
portion of the earth's surface moving round with it with 
the same velocity, it follows that the cold current of air 
which sets in from the temperate zones towards the equator 
not only has a motion north and south in that direction, but 
also a velocity of about 850 miles an hour due to that 
parallel of latitude from which it is withdrawn ; the equa- 
torial regions, however, are moving to the eastward at the 
average rate of 980 miles an hour : the cold air arriving 
into these regions at the slower rate would, on its first 
arrival there, be left behind ; or, in other words, the surface 
of the earth would travel faster to the eastward than the 
air upon it, and this would produce an apparent or relative 
motion in the air from east to west, that is, an easterly 
wind. Thus the cold current moving towards the equator is 
influenced by two sources of motion ; the first caused by the 
heat of the torrid zone producing a partial vacuum, to fill 
up which the cold air from the temperate zones rushes in 
towards the equator and at right angles to it ; the second 
source of motion is that which has been communicated to it 
in a direction due east by the rotation of the earth in the 
temperate latitudes it has lefb. The resultant of these two 
motions is the south-east trade-wind in south latitude, 
and the north-east trade-wind on the northern side of the 
equator. 

When the slower-moving air of the t«wv^:«^^ licsssfc %\^ 
arrives at the quick-moving or tropic8X\i^X oi^^ ^»s?Osi,*^^ 
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diiference of their velocities is great compared with the ether 
motion of the cooler air towards the equator, and conse- 
quently the wind blows at the extreme edges of the trades^ 
nearly from the east point. This gradual change in the 
direction of the trade- winds is thus accounted for : — ^As the 
difference in velocity between each parallel and the next 
becomes less and less in approaching the equator, so the 
lagging behind of the air, which constitutes its westward 
tendency (or easting as it is called by sailors), becomes less 
and less. The 30th parallel, which moves at the rate of 903 
miles an hour, has a less velocity by 77 miles than the 20th 
parallel, which moves at the rate of 980 miles an hour, 
while the 20th is only 46 miles an hour slower than the 
10th parallel. Thus, the air in travelling from the 30th to 
the 20th parallel must be more retarded, or have more 
eastins than that which travels from the 20th to the 10th 
parallel. As the air from the cooler regions draws near the 
equator, its velocity is checked by becoming heated, which 
gives it a tendency to rise rather than to flow along the 
surface ; and it is further checked by the meeting of the two 
opposite currents, one from the north and the other frcon the 
south. 

As every current towards the equator must be rendered 
easterly, so every current from the equator must become a 
westerly wind, because it proceeds from a quick moving into 
a slower moving latitude, and must therefore rotate quicker 
than the part of the earth on which it arrives. And as this 
cause operates least powerfully near the equator, and be- 
comes more powerful in receding therefrom, this would cause 
the upper tropical current to become more and mor6 westerly 
as it advances towards the temperate zones j thus describing 
the same apparent curve as the trade-winds below it, and 
moving everywhere in a direction exactly opposite to them, 
— a fact which has been established by observation. When 
this upper current first precipitates itself on the earth's 
surfacej about the 30th paraHeV oi laXiitevxAft, \fe \mb& V«fi5»\s<& 
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little of its equatorial velocity, because the only friction to 
whicli it has been subjected is that of the lower current ; and 
hence the furious westerly gales which are so prevalent 
beyond the limits of the trade-winds, or about latitude 30°, 
in each hemisphere. 

The equatorial limit of the two trades, or the region of 
calms and light variable winds, is subject to continual 
change, depending on the position of the sun. As the circle 
of greatest heat does not coincide with the equator, except 
at the time of the equinoxes, but with a paraUel to the north 
or south of it, it will readily be seen how the whole system 
of tropical winds must to a certain extent follow the sim ; 
that is, the limits of all these winds must advance northward 
in our summer, and recede southward in our winter. Hence 
the regions of calms and light .variables is bisected by the 
equator only at the equinoxes. In July and August this 
region is wholly north of the equator, and extends as fer as 
12*^ north latitude, while in January it is, on the contrary, 
almost entirely in the southern hemisphere. Thus, in our 
summer, the southern trade sometimes crosses the equator, 
and advances a degree or two to the north of it ; while, in 
our wintef, the northern ti*ade advances nearly up to the 
equator, but never crosses it. The reason for this difference 
is the greater average amount of heat in the whole northern 
compared with the southern hemisphere. Indeed, the line of 
greatest mean yearly heat is situated entirely within the 
northern hemisphere, nowhere approaching the equator 
nearer than three degriees. The phenomena of the winds 
are, therefore, symmetrical on each side of the line of greatest 
mean yearly heat rather than on that of the real equator. 

The outer or temperate limits of each trade-wind also 
partake of this northward and southward shifting, because, 
the warmer either hemisphere may be, the ferther will the 
upper current travel into the temperate zone before it 
becomes sufficiently cooled to sink and \M5V3LT^t\ift ^Wfe <5/l\3vskR> 
lower cwrrent, which constitutes tl[ie \,T«Aft-V«i^ ">^«^^^ 
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there are places situated about the 28th parallel in each 
hemisphere which have a constant east trade-wind daring 
their hottest months only, and the aboye-mentioned westerly 
gales during the cooler part of the year. 

The following figure, Fig. 28, will serve to show the 
prevailing direction of the winds or lower atmospheric 
currents at different parts of the earth's surface, apart from 
the effects of local 

peculiarities, such *^* 

as sea and land 
breezes. The facts 
intended to be im- 
pressed on the 
mind by this dia- 
gram are, 1st, the 
prevalence of cahtis 
within a few de- 
grees on each side 
of the equator, 
varied, however, 
by frequent short 
squalls and light 
variable winds from every point ; but, according to Captain 
Basil Hall, mostly from the south, probably on account of 
the general lower temperature of the southern hemisphere 
than the northern. 2nd]y. The constancy of the trades from 
the 10th to the 28th degree of latitude, their directions 
])eing polar where they approach nearest the equator, and 
gradually more and more easterly in receding therefit>m, 
until outside the tropics they become east, 3rdly. The 
conflict and alternate preponderance of these east winds and 
of west gales about the 30th parallels. 4thly. The pre- 
valence of easterly and equatorial westerly winds from the 
30th to the 60th parallels. 5thly. The prevalence of jpo&r 
gales about the arctic and antarctic ckcVea. 
It IS of conrfie impossible in ¥ig. ^^ V> ^o^ >3!afc >£^^«& 
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cuCTentB,* whioh should theoretically blow at every spot, 
nearly contrary to the prevailing lower ones. Free from all 
the ixregular disturbances of the earth's surface, these upper 
currents are supposed to flow with a slow but unruffled and 
undeviating constancy, as seen in the motions of lofty clouds, 
and confirmed by the experience of aeronauts. Mr. Green 
stafcea, that in this country, whatever may be the direction 
of the wind below, within 10,000 feet above the surface of 
the earth its direction is invariably from some point between 
the north and west. 

42. We must now notice certain modifications in the 
trade-winds, produced by the presence of hr&e masses of 
land. Iftheearthwerea«nifoLma«8ofwat;roroflaud, 
these winds would blow with the utmost regularity ; but as 
the surfiice of the earth is broken very irregularly by masses 
of land and water, the law of the trade-winds is greatly dis- 
turbed. This is especially remarkable in Mexico and India. 
That part of the Pacific which extends from the Isthmus of 
Panama to the peninsula of California lies between 8° and 
22° N. latitude. The sim's rays striking directly on the 
great territory of Mexico, heat the land strongly, thereby 
causing the air over it to rise ; the vacuum is filled up not 
only from the northward, but also by the comparatively cool 
air of the equatorial regions in the neighbourhood. The air 
coining from that part of the globe which revolves quickest 
to a part which moves more slowly, produces not an easterly 
wind, but westerly and south-westerly winds; so that the 
navigator is often very much embarrassed who expects east 
or north-east winds, according to the usual theory of the 
trade-wind. 

The monsoons of the Indian Ocean are also modifications 
of the trade-winds due to the presence of vast masses of land. 
These winds are called periodical, to distinguish them from 
the trades, which are constant They blow for nearly six 
months of the year in one direction, and for the other six in 
* These will be foand represetited vu "^Vjs^. ^ • 

h2 



78 MONSOONS. 

an opposite direction. The Malays call them mooseen, which 
signifies 8eas(m. These winds blow with the greatest regu- 
larity between Hindustan and the eastern coast of Africa. 
When the sun is south of the equator, from. October to 
April, a north-east monsoon prevails ; but when the sun is 
north of the equator, fix)m April to October, a south-western 
cunent is established. When the sun passes the equator, 
and the monsoons are changing their direction, variable 
winds or tempests generally occur, a disturbance which is 
called by seamen the " breaking up of the monsoons." 

The theory of the monsoons will be readily imderstood 
after the foregoing account of the trades. When the sun 
has great northern declination, the peninsula of Hindustan, 
the north of India and China, being strongly heated, the 
quick-moving air of the equator rushes to the northward, to 
fill up the slower-moving rarefied space; and this supply 
of air, having not only a rapid velocity towards the east, 
but also a motion from the south, produces the south- 
west monsoon in the Indian Ocean, in the Bay of Bengal, 
and in the China Sea. When the sun, on the other hand, 
has great southern declination, the same seas are occupied by 
air, which, coming from regions beyond the northern tropic, 
has less easterly velocity than the space it is drawn into. 
This gives the air an easterly direction, which, combined 
with its proper motion towards the equator from the north, 
produces the north-east monsoon.* 

* The monsoons are as advantageous to commerce as the trade-winds. 
It is chiefly by means of the north-east and north-west monsoons that the 
▼oyages of merchant ships from Canton to England are accomplished in 
the comparatively short period of 120 days ; the distance traversed being 
about 14,000 miles, and the progress of the vessel nearly 120 miles a day. 
The advantages which vessels sailing from Europe to Calcutta, Singapore, 
and Canton derive from the south-west monsoon are also very great, 
although their voyages are much longer. The inhabitants of the coun- 
tries within reach of the monsoons also derive great advantages from them. 
With one monsoon their vessels leave their country, and with the other 
they return to it, the interval between the two monsoons being disposed 
of in selling their cargoes and procuring others for the return voyage. 
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43. In addition to the grand effects of the trades and the 
monsoons^ the heating action of the sun produces a dvu/mal 
intercliange of air ia some parts of the world, in what are 
called laohd cmd sea breezes. The ocean is but little affected 
hj sadden changes of temperature, such as are produced by 
the soocessLon of day and night, and it participates only to a 
certain extent in the alternating temperatures of the seasons. 
Sadi changes become equalized over large tracts of salt 
water, and serve to temper the rigours of climate on coasts 
and in islands. The land, on the contrary, becomes rapidly 
heated by the sun, and as rapidly cooled in his absence. 
Thus the great continents act as heaters and coolers of the 
atmosphere, and produce those changes in the aerial currents 
already noticed ; and not only continents, but islands of 
moderate size, produce the daily alternation of land and sea 
breezes, so refreshing upon the coasts of hot climates. 
Poring the day the land becomes much more heated by the 
son than does the adjacent water, and consequently the air 
resting upon the land is much more heated and rarefied than 
that upon the water. The cooler and denser air, therefore, 
flows £rom the water towards the land, constituting the sea 
breeze, and, displacing the warmer and Hghter air over the 
land, forces it into a higher region, along which it flows in 
an upper current to seaward. At night a contrary effect 
takes place. After simset the land cools much more rapidly 
than the water, and the air over the shore becoming cooler, 
and consequently heavier than that over the sea, flows towards 
it, and forms the lamd breeze, * 

The phenomena of land and sea breezes may be well 

* Adyantage is taken of these breezes by coasters, which, drawing less 
water than larger yessels, can approach the coast within those limits 
where the sea and lajid breezes first begin to operate. Thus a ship of war 
may not be able to take advantage of these winds, while sloops and 
schooners may be moving along close to the shore under a press of canvass, 
and be out of sight before the larger vessel is released from the calm 
bor dering these breezes, and fringing for some Wme V^<&\m»s^ q\^1 . ^^^^^ 
old navigator Dampier gives an admirable desciV^^ow q^ ^««^>at«»ix%> 
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illustrated by a simple experiment. Fill a large diah with 
cold water, and place in the middle of it a saucer full of 
warm water ; let the dish represent the ocean^ and the 
saucer an island heated by the sun, and rarefying the air 
above it ; blow out a wax taper, and if the air of the room 
be still, on applying it successively to every side of the 
saucer, the smoke will be seen moving towards it and rising 
over it, thus indicating the co\irse of the air from sea to 
land. On reversing the experiment, by filling the saucer 
with cold water, and the dish with warm, the land breeze 
will be shown by holding the smoking wick over the edge of 
the saucer ; the smoke will then be wafted to the warmer air 
over the dish. 

44. In most mountain districts alternating currents may 
be observed in the atmosphere, which partake of much of the 
nature and regulaiity of land and sea breezes ; they have 
been distinguished by the name of hiU and valley breezes^ and 
as the subject is almost new to science, it may be inte- 
resting to give an example of them.* 

At Nyons, in the department of La Dr6me, a wind has 
been known from time immemorial, under the name of 
Pontias, It is a cold wind, and rises every evening about 9 
or 10 o'clock in summer, and at 6 in winter. Its first 
approach is from a naiTow, deep, winding gorge, about two 
leagues in length, and extending on one side into the plains of 
the Rhone, near Nyons, and on the other side into a large 
valley, inclosed by the mountains of La Dr6me. The breeze 
increases progressively during the night, until sunrise, when 
it begins to decline in intensity, and- finally dies away when 
the ground has been warmed by the sun. This breeze is 
much more cold and violent in winter than in summer, and 
it often produces such a depression of temperature as to 
congeal the moisture of the atmosphere. In summer it has 

* The subject has been raised into the importance which it seems to 
merit by M, i^'oumet, in the AnnaUn de Cftimie e< de Physique for 1840. 
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the effect of a fresh morning breeze. Its regularity is very 
remarkable, although subject to certain disturbances. Thus, 
during the greatest heats of summer, when the short nights 
are not sufficient to cool the surface of the parched ground, 
the Fondas is scarcely perceptible. A similar effect is pro- 
duced by a rainy or a cloudy night. Snow, on the contrary, 
appears greatly to favour this breeze. The effect of these 
yariations is limited to its progress. In winter, or imme- 
diately before or afber rains, it sometimes descends as far as 
the Rhone, a distance of seven leagues; but in summer, 
or during serene weather, it extends to a much shorter 
distance. 

This breeze does not esdst in the upper regions of the 
atmosphere, nor even above the hills in the neighbourhood 
of Nyons, but seems to be entirely confined to the defile, at 
the entrance to which stands the town. It does not blow in 
an equal current, but is subject to certain swells at intervals 
of a few minutes, and these are most distinct when an east 
wind opposes its exit ; it then escapes by irregular puffs. On 
ascending the defile, which leads into the upper gorge, the 
force of the wind diminishes in proportion to the ascent, and 
at length is entirely lost at a certain elevation. 

In connection with this breeze is an upper compensating 
current, called la Vedne, or the had wind, which, ascending 
the river of Eygues, passes over a defile, and is lost in a 
larger valley. This wind increases in violence with the heat 
of the day or of the season. 

Thus we observe two breezes periodically opposed to each 
other ; the one a nocturnal breeze, and the other a day 
breeze, blowing in opposite directions, according to the hour 
of the day, and developed entirely by the physical features 
of the locality. M. Foumet has also established the exist- 
ence of hill and valley breezes in other mountain districts of 
France and Switzerland, caused chiefly by the asperities of 
the soil, producing daily an atmosp\i<&nfi ^xol «sATfc'^^a:*^^ 
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which manifests itself in ascending and descending breezes 
known in different places by local names. 

45. There is, however, a distinction to be attended to in 
comparing the daily alternations of wind produced by moun- 
tains with those produced by coasts. The sea breeze is much 
more general and decided than the nocturnal or land breeze, 
whereas, in mountain breezes, the nocturnal or hill breeze 
seems to be the most regular ; because, although the moun- 
tain summits receive by day more and stronger sunshine 
than the lowlands, yet they also reflect and radiate more 
heat, besides being more cooled by the colder air in contact 
with them, so that on the whole it is doubtful whether they 
would generally become warmer than the plains, so as to 
receive a diurnal breeze from them, except in particular 
localities. But by night everything conspires to reduce the 
temperature of the summits, which, from their isolated posi- 
tion, radiate their heat in every direction through the dear 
rarefied air into boundless space, while the lowlands can 
only radiate their heat upwards and through a denser and 
less transparent air ; and even that which they do radiate is 
often reflected back by a canopy of clouds, so that the noc- 
turnal breeze from the hills must be far more general than 
the diurnal one Uywa/rds them. In the case of sea and land 
breezes, on the contrary, although the land must always be 
more heated by day than the sea, thus producing the sea 
breeze, there is no apparent cause why the land, which is a 
worse radiator of heat than water, should ever become cooler 
than the water by night, so as to send forth a land breeze, 
properly so called. The winds so designated appear, there- 
fore, to be truly not lamd^ but MH breezes. We are not 
aware that they are ever felt on flai shores, such as Deme- 
rara, although this is one of the hottest coasts in the world, 
nor on the flat island of Barbadoes ; but they are felt off 
the neighbouring island of Grenada, which is smaller, but 
mountamous. 
46. Our space will not a\\ow \ia toTLo\A<i^^^'Yc&«Ksfi«sM^ 
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phenomena of the winds at greater length ;* we must, how- 
eyer, just glance at those winds which are produced by whirls 
or rotatory movements in the atmosphere of greater or less 
extent, the winds which have hitherto engaged our attention 
being general or periodical winds of the nature of currents. 

Eotatory disturbances in the air display a variety of phe- 
nomena which have been distinguished by various names, 
such as whMwmd, wa/ter-spout, sand-spovij sand-piUa/r^ tor- 
nadoy white squall, pcmipero, kc. These terms have been 
applied to rotatory storms of small extent. The h/urricomes 
of the West Indies and the typhoons of the Indian seas are 
whirls of grefttly increased extent, often extending from one 
to four or five hundred miles in diameter, and consisting of 
a revolving movement propagated from place to place, not 
by bodily transfer of the whole mass of air which at any 
moment constitutes the hurricane from one geographical 
point to another, but by every part of the atmosphere in its 
track receiving from that before it and transmitting to that 
after it this revolving movement. 

It was formerly supposed, when accounts of hurricanes 
▼ere received, as occurring at different islands on various 
dates, with marked differences also in the direction of the 
wind, that those violent storms were rectilinear in their 
course, and that such accounts related in most cases to dif- 
ferent storma Their true nature was first clearly esta- 
blished by Mr. Eedfield, of New York, and afterwards by 
lieutenant-Colonel Beid, Governor of Barbadoes, by con- 
structing charts on a large scale of some of the most remark- 

* The principal phenomena of the winds are brought together in a 
popular form m a little book by the author of this work, entitled " The 
Tempest ; or, an Account of the Nature, Properties, Dangers, and Uses 
of Wind in yarious Parts of the World.'' Published under the direction 
of the Committee of General Literature and Education, ^pointed by 
the Society for Promoting Christian Knowledge. In Weale's '* Rudi- 
mentary Nayigation " will be found an essay by the author of this work, 
** On the Law of Storms and of Variable Wmd^, «svi\X'& '?t^cXx^'«ki K^^- 
oatioD to NAvigation, '' 
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able hurricanes on record. In this way a single storm was 
traced successively from one island or locality to another, 
and the direction of the wind at any one point or place was 
found to have no connection with the general progress or 
direction of the storm. For example, one of the tracks thus 
laid down is that of the memorable gale of August, 1830, 
which passing close by the Windward Islands, visited St. 
Thomas's on the 12th ; was near Turk's Island on the 13th ; 
at the Bahamas on the 14th; on the Gulf and coast of 
Florida on the 15th ; along the coast of Georgia and the 
Carolinas on the 1 6th ; off Virginia^ Maryland, New Jersey, 
and New York on the 17th ; off George's Bank and Cape 
Sable on the .18th ; and over the Porpoise and Newfound- 
land Banks on the 19th of the same month, having occupied 
about seven days in its ascertained course from near the 
"Windward Islands, a distance of more than 3,000 miles, the 
rate of its progress being equal to 18 miles an hour. Now, 
the actual velocity of the wind in its rotatory movement is 
probably five times greater than this rate of progress, which 
would be equal in a rectilinear course to about 15,000 miles; 
but the whole length of the track does not exceed 3,000 
miles : we thus have strong evidence of the rotatory nature 
of these storms ; for if the. wind move 90 miles an hour, 
and the whirls or eddies which constitute the storm move in 
a body at the rate of only 18 miles an hour, it is clear that 
the motion of the wind must be in circles. It is curious 
also that these eddies turn in a direction contrary to the 
sun's apparent daily motion, and, therefore, in our hemi- 
sphere, contrary to the motion of the hands of a watch, but 
similar to that motion in the southern hemisphere, a result 
which would naturally be expected from their cammon 
origin, just as two wheels set in motion by anything paaaing 
between them must necessarily turn in contrary directioiui. 
The general progress of these storms is always away from 
the equator, and therefore reversed in the two hemispheres ; 
but in both thej have first a wea.W«r^ TCiQ\3tfsii^'<QasSSL^3M8\ 
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escape the influence of the easterly trade-winds, when they 
turn round in a hyperbolic curve and are drifted eastward 
by the prevailing westerly winds of each temperate zone. 
Throughout their course they increase in size, but diminish 
in intensity, until they are lost in the winds of high lati- 
tudes, the variable and fluctuating nature of which they 
greatly increase. 

Sir John Herschel explains the origin of one of these 
rotatory storms, by supposing a column of air, intensely 
heated at a particular point of the intertropical plains of 
America, to rise bodily from the lower stratum of the atmo- 
sphere with sufficient ascensional force to carry it into the 
upper current, but retaining the full westerly energy which 
it has derived from the earth's rotation. Now nothing is 
more likely than that a ripple in its course should thus 
be produced, and that the portion thus driven upwards 
should, on its return, strike down far below, into the lower 
current. All the conditions necessary for a rotatory storm 
would then arise. A mass of air, animated with immense 
velocity, has to force its way through an atmosphere either 
at rest or moving in a contrary direction : a state of things 
which, in the movements of fluids, is invariably accompanied 
with vortices on one or both sides of the moving mass, which 
continue to subsist and to wander over great tracks long 
after the original impulse is withdrawn. In such vortices 
the motions of translation and rotation may have any pro- 
portion ; but the former is usually slow compared with the 
latter. An illustration of this kind may be witnessed at a 
mill-dam when the sluice is closed so as to allow the water 
to escape at some small hole. A frmnel-shaped depression 
will appear on the surface, in which air descends, often to 
the actual hole of escape, though many feet below the sur- 
£EU)e, but often also as an interrupted column. All the 
movements of a rotatory storm are here represented by the 
revolving fluid. So long as the hole ia ke^t cygesi, ^ x^Xaaccs. 
& £xed posdtioD, at least at the lower extteTKite^,^^^s^'^J^»^'^'%^ 
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only by a bend of the colunuL But if the bole be doeed, it 
immediately begins to wander, continuing ofben a long time^ 
but gradually retreating upwards. 

47. It must be obvious that all these atmospheric cur- 
rents, depending as they do entirely on the vitiations of 
elasticity brought about in different parts of the atmosphere 
by the solar heat, must be most intimately connected with 
the indications of the barometer. As the tendency of all 
these currents is to establish equality of pressure over the 
earth's sur&ee, it was formerly supposed that the mean hei^t 
of the barometric column would be found equal in overy part 
of the world. Numerous careful and long-continued rc^psters 
of its- height, however, kept at various spots distant firom 
each other, have shown a decided though very small local 
variation of this element, and the dependence of this vanar 
tion on the latitude we will now endeavour to explain. 

The atmospheric pressure is greatest at, or at a short dis- 
tance beyond, the tropics, or about the outer limit of the 
trade-winds, where the mean height of the barometer is 
about 30 inches. From this point it declines both towards 
the equator, where it is about 29*9, and also towards high 
latitudes. In England, for example, it is reduced to 29*8, 
and it continues to fall at about the same rate to the highest 
latitudes that have been reached. But towards the South 
Pole, as appears from the expediticm under Sir J. C. Bosa^ the 
fjBiIl appears to increase rapidly, so much so^ that in the Ant- 
arctic regions the mean pressure is reduced even below 29 
inches ; but it must be remembered that this is only the 
mean of three swmmerSf and may possiUy be compensated by 
increased pressure in wmter. 

The maximum of mean pressure occurring just outside the 
tropics, is referred by Professor Daniell, with great proba- 
bility, to the obstruction caused by the meeting and crossing 
of the two main jcurrents as already described (41), which 
must produce an accumulation of air upon that parallel 
where it occurs. 
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Bat the mean local pressure appears to de|)eiid less on 
latitude than on the proximity of great masses of land or 
water, it being highest in the interior of continents and 
lowest on the Pacific. Captain King, in a voyage on that 
hemisphere of waters, haying observed the barometer ^ve 
times a day for &ve months, obtained a mean of only 29*462 
iB<die& Connected with this fact is the lower mean pres- 
sure in the Antarctic regions than in the Arctic, and also the 
well-known fact of the barometer on the borders of conti- 
nents (as in this country) standing lowest during moist 
winds, or those which come from the ocean, and highest 
during the dry winds from the continent. 

48. This brings us to the fact, that the local differences 
between the mean pressiire observed at the most distant 
parts of the globe are very trifling compared with the varia- 
tions constantly occurring at most places, indeed all places, 
outside the tropics.. Thus in this country we have at the 
sea-level the mercury not unfrequently rising to 30*5 inches, 
and sometimes &lling to 28*5. This difference of two inches 
indicates a difference of about a pound per square inch in 
the atmospheric pressure, so that we need not wonder that 
deHcate persons feel the change, when the pressure on their 
body is increased or diminished in this manner by a few 
hundredweights. 

These fluctuations in the barometer are by no means of 
equal extent in different places. Their amount increases 
greatly with the latitude, being much greater at St. Peters - 
burgh or Stockholm than in London, while in warm latitudes 
it is greatly diminished, and within the tropics becomes not 
only so small as to escape the notice of unscientific persons, 
but assumes a totally different character from that which it 
has in cold and temperate climates. This difference we will 
proceed to explain. 

49. The fluctuations occurring in extra-tropical latitudes 
are so fitful as utterly to defy all attem'^t& \^ t^wcfc ^^xcl'vs* 
rale, tb&t is, to any periodical order, lindft^^, ^^a tok^ ^i^ 
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obvious from their generally acknowledged connection with 
the wind and weather, the uncertainty of which is proverbiaL 
But in the torrid zone, where, this uncertainty, as regards 
two elements at least, namely umid and tempertUu/re, is re- 
placed by the most dock-like regularity, the barometric 
changes, although so small as to be scarcely perceptible to au 
indifferent observer, partake of the same perfect regularity. 
Unaffected by the utmost extremes of wet or dry, it gives no 
indications of the approach of the equinoctial deluges, or the 
solstitial drought; it is thrown aside by the planter as a 
useless instrument, nevertheless its smaU daily oscillati«HB 
go on with the regularity of a clock. Scarcely once in a 
man's life, at any one spot, does the mercury undergo a 
decided disturbance, and that not greater than oocars in 
England before a slight thunder-shower, but such a disturb- 
ance is the sure and rapid precursor of one of these stupen- 
dous atmospheric convulsions, which, in the extent of their 
disastrous effects, are scarcely exceeded by the greatest 
earthquakes. The importance of observing the barometer 
at sea, within the tropics, cannot be overrated. There are 
many instances recorded of ships saved from otherwise cer- 
tain wreck, by the rapid &I1 of the mercury giving notice of 
an approaching hurricane. 

But to return to the ordinary oscillations; it is found 
that, totally unconnected with changes of weather, these 
oscillations occur like the tides of the ocean, twice in every 
twenty-four hours, only with this difference, that they are 
purely soIcmt tides, or those arising from the action of the sun 
only, not 8olirkma/r, or those arising from the combined ac- 
tion of the sun and moon. They have no variations of spring 
and ru^wp, and instead of their rise and fell occupying half a 
luna/r day,* it occupies only twelve hours, or half an ordinary 
solar day, the two maxima of pressure always occurring at 
the same hours, namely^ at 9 o'clock A.ic or p.m., and the two 
* The mean length of the lunar day ia 24}^ 50' 21''. 
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minima each at about 3 o'clock a.m. or p.m. This is, there- 
fore, a tide not produced by gravitation ; for if it were, the 
8011*8 effect would, as in the oceanic tides, be masked by the 
greater efifect of the moon ; but being dependent solely on 
the son's position, this atmospheric tide must be due not to 
his attraction, but to his heat. The manner in which this 
power acts so as to produce two opposite and equal protube- 
rances of the atmosphere, is beset with difficulties, and cannot 
yet be said to be even partially understood; but the &u^s are 
nevertheless of the greatest interest to science. 

50. In speaking of the semirdiwmcd oscillations, we must 
always be imderstood to refer to what takes place at the 
level of the sea, because on an eminence their effect is neces- 
sarily partly disguised by the super-addition of that diurnal 
oscillation deduced above, the period of which being 24 
hours, it must have the effect of making these 12-hour tides 
appear alternately unequal ; and this inequality is greater the 
higher we ascend. 

The extent of the semi-diurnal oscillation is found to be 
greatest at the equator, where it averages more than ^th of 
an inch, and it diminishes to y^ths of an inch in lat. 30^ ; 
being, however, in both situations greater in the hottest 
months than in the coolest. Beyond the limits of the trade- 
winds, these oscillations being still further diminished, are 
exceeded in extent (and therefore entirely masked) by the 
irregtdar fluctuations so &miliar in our climate. These 
fltful variations^ unknown within the tropics, increase pro- 
digiously in extent as we recede therefrom; and as the 
regtdar oscillations, on the contrary, diminish, they are of 
course soon lost in, or confounded with, these irregular 
ones. 

51. But although thus disguised so as to be no longer 
recognisable by simple observation, this regular tide still 
flows and ebbs amidst all the irregularities of the pressure in 
temperate climates. The proof of tVaa \b ^Ta^<e^ wA ^^Si^soX*. 

i2 
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We have only to examine a barometric register kept at 
stated hours (at least twice a day) for a long period, to take 
the average of each set of observations made at the mjuM 
Iwv/r, and by comparing these averages, it is found that the 
mean height at about 9 o'clock A.M. is greater, and that at 
about 3 o'clock p.m. less than at any other hour. In this 
climate, and in summer, the mean of a few weeks is sufficient 
to elicit this &,ct. In winter, or in higher latitudes, the i 
greater extent of the irregular fluctuations requires a longer 
series to enable them to neutralize each other. In this way 
it is found that, however disguised by irregular disturb- 
ances, the regular atmospheric tide still obtains throughout 
the temperate zones, although greatly diminishing in extent 
from the tropics to the Polar circles, near which it becomes 
altogether imperceptible. Among the many theories pro- 
posed to account for these oscillations, that of Professor 
Daniell is the most satisfactory. It is too complex to be 
introduced here, but we may observe that he deduced from. 
it not only the entire disappearance of these tides at a certain 
latitude far short of the Pole, as above stated, but also that 
in higher latitudes a much smaller tide ought to appear at 
exactly the contrary hours, that is, flowing fix)m 9 to 3, and 
ebbing &om 3 to 9 ; and an examination of the register kept 
for this purpose in Captain Parry's Second Arctic Expe- 
dition, has actually given such a result, although its amount 
is so very small, only a thousandth of an inch, that con- 
sidering the great extent of the irregular fluctuations, it is 
very doubtful whether the observations were continued long 
enough to give a fSedr average. 

52. This principle of obtaining the mean of many observa- 
tions made under circumstances bearing a certain resem- . 
blance, and comparing this mean with the mean of many f 
others made without that particular resemblance, is the ke^ * 
stone of the meteorological arch, the sole method of accui^o '^ 
lating that mass of material by which the iufant scienc^ J 
meteorology ia to be nourished. It \a oTkV:^ Xyj «ql^ w^ewi^ , 
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that the diurnal tide, observable only on eminences (50), can 
he shown to exist. Professor Daniell elicited it from the 
mean of a very moderate number of observations, even on so 
small an elevation as Box-hill, in Surrey, and the registers 
kept at greater heights show it distinctly, provided they 
be on. narrow summits or ridges ; on extensive table-lands 
it 18 not observable, because the air resting on them has not 
time to flow off during the night, nor the surrounding air to 
overflow them during the day. This alternate flux and 
reflux, however, produces at the border of all elevated tracts 
the hill and valley breezes already noticed (45), namely, a 
hxeeze frotn the hills during the night, and towourda them 
during the day, similar in character to the land and sea 
breezes, and like them most observable in low latitudes, 
because the daily and nightly alternations of temperature 
are there greatest. 

53. The observations on Box-hill just noticed, also dis- 
j^yed another oscillation, which, from the time of Newton, 

I had often been sought for in vain, namely, the atmospheric 
i%ds9^ strictly so called; produced by lunar attraction. It is 
obvious that such tides, however great, could never affect the 
(height of the barometer at the sea-level, because the greater 
height of air accumulated under the moon would, on the 
whole, weigh no more than the shorter column elsewhere, 
(because every particle of the former column (and also 
of the mercury weighing it) has its weight diminished by 
the moon's attraction opposing that of the earth. But the 
effect ought to be seen by the upward diminution of pressure 
being slower under the moon ; and, accordingly, the mean of 
several observations made when the moon was near the 
\ meridian, gave a less difference between the pressures at the 
, foot and top of the hill than was obtained from the mean 
I of several others made when the moon was near the horizon. 
Ijt is to be regretted that similar observations have not been 
I^Qnade at greater elevations, as they have an \\xii^T^'dx& Vt«»£- 
Jng on the use of the barometer Cot xneaBarnv^ V^-v^q^^* 
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This Bubjeot will be noticed predently (56), but we must 
first make a few remarks on the use of the barometer as a. 
weather-glass. 

54. This instrument oould not have been long obseryed 
before the discovery that its fluctuations had some unknown 
connections with the changes of the weather in temperate 
climates, especially as regards wind and rain ; a high state 
of the mercurial column generally occurring in the finest or 
calmest weather, and a depression of it during rain and 
• storms. Hence, by a too hasty generalization, it was sup- 
posed that the fineness of the weather was exactly pro- 
portional to the atmospheric pressure, and, accordingly, such 
wonfe as "fiur," "changeable," "rain," &c., were engraved on 
the scale, which words have only served the purpose of 
bringing a really invaluable instrument into disrepute, by 
making it promise that which it is incapable of foretelling. 

The reason why the atmospheric pressure is generally 
greater in dry situations, and in dry states of the weather 
than in moist ones^ is still very obscurely known. We 
cannot even toudi upon it in this plac6, because its consider- 
ation would require on the part of the reader a knowledge of 
the laws respecting vapour, and we prefer that he should gain 
from this little book a tolerably complete knowledge of the 
barometer, than an imperfect idea of the barometer aad 
the hygrometer ; but we may observe that a due attention 
to both these instruments will lead to more accurate pre- 
dictions respecting the weather than can be obtained by the 
use of either of them singly. Indeed, the barometer used 
alone has, as we have endeavoured to show, a &r more direct 
application to the theory of winds than to that of rain.* Its 

* Mr. Belville appears to coincide with this view, and accordingly has 
given a set of rules, connecting the phenomena of the barometer with tbe 
direction of the wind* and also with the appearance of the clouds, according 
to Howard's nomenclature. Mr. Belville also gives a table showing the 
mean height of the barometer at noon for Greenwich, for every day in the 
Year, dedaced from thirty oonsecutive years' observations, viz. from 1815 
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application to the latter is only indirect, and far from being 
b understood theoretically ; still, however, the average of a 
[ krge number of observations made at different times, and in 
: dif^Birent places, has furnished rules which deserve some 
[ degree of reliance. 

I The most important &ct to be remembered is, that the 
state of the weather to be expected is not so much connected 
with the absolute height of the column as with its motion, 
whether rising or /aUmg, In order to observe this most 
important &ct an upright barometer is necessary, since the 
upper snrfiioe of the mercury cannot be seen in a wheel 
bnomet^. If the mercury have a convex surface the 
eolnmn is rising ; if it is concave it is falling ; when it is 
flat it is generally changing from one of these states into the 
other <33). 

A fisdl in the mercury generally indicates approaching 
rain, high winds,~or a thimder-storm ; but it is remarkable 
that snow is more frequently preceded by a rise than by a 
&1L With this exception, however, a rising state of the 
meioury commonly indicates the approach of fine weather. 
A very high wind, especially from the S.W., whether accom- 
panied by rain or not, is perhaps connected with the lowest 

to 1844| and reduced to 32° Fahr. The following are the monthly means 

from this table :— 

Inches. 

January 29*909 second maximum . 

February 29859 

March 29*857 second minimum. 

April 29*865 

May 29-884 

June 29*910 maximum. 

July 29*894 

August 29*890 

September 29*872 

October 29*851 

November 29*801 minimum. 

December 29*884 

The mean annual pressure for noon at Qcteikmcd^iSft *i.^'%1*2.\siO&K%. 
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state of the barometer.* In England a N.R wind 
more conducive to a high state of the merooiy than anj* 
other. 

When the mercury rises or fidls steadily for two or ihnd 
days together, it is generally found that rather a long oon- 
tinuance of settled weather will follow ; rainy in the latter 
case, and fine and dry in the former. By the same role fre- 
quent fluctuations in the height of the column are firand to 
coincide with unsettled weather. 

55. Many persons are fond of entering the height of their 
barometers in a register once or twice a day for yean tch 
gether, and make no further use of these registers than to 
exhibit them to their friends as curiosities, and point out a 
remarkably low state of the barometer at one period, and ^ 
contrast this with a remarkably high state at another period. - 
It may be thought a harsh word, but it is a &ct that, as &r 
as science is concerned, these registers are no better than 
waste paper ; whereas they might be made of ineBtimaiUe 
value by taking out the morUMy and cm/rmal means, and 
sending them for publication to some local newspaper, or to 
any scientific journal of repute. Persons who have a tole- 
rably good instrument, and the leisure and inclination for 
these observations, should make their entries at the proper 
hours of the day, and these are indicated by the instnuQient { 
itself (49, 51). The maximum height of the column is about 
9 o'clock A.M., the mean at 12, and the minimum at 3 p.m. 
If a person can afibrd time to make three observations every 
day, he should select these hours. If he can only mskke two 
observations, the proper periods are the very convenient 
hours of 9 A.M. and 9 p.m. If he can make only one obser- 
vation, noon is the time. Professor Daniell remarks, that 
those who merely consult the barometer as a weather-ghuH 
would find it an advantage to attend to the three above- 

* Mr. Belville states that the lowest depressions of thebtrometer oocur 
m'th the wind at S. and S.E., when muc\i miitQ^t vcAtj^tnSQAotiL^ short 
suid severe gales blow from thete pouita. 
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Duoitioined periods, for he lias noticed that by much the 
-fort progn^^ons for thia ix^trument may be formed 
from obserTing when the mercury is inclined to move con- 
tsary to its periodical course. If the column rise between 
9 AM. and 3 p.m.^ it indicates fine weather; if it £idl from 3 to 
9, rain may be expected. 

d6. The measwrement of heights was the first useful pur- 
pose to which the barometer was proposed to be applied, 
preceding even its application a& a weather-glass ; and in 
this respect it is certainly more to be depended on than any 
predictions as to the weather made from it, even for only a 
few hours in advance. This application was suggested by 
the results of experiments performed by Torricelli and 
Pascal, that the mercurial column diminished in height on 
ascending above the level of the sea. But, at the outset of 
this inquiry, Pascal fell into a great error by supposing the 
atmosphere to be of equal density throughout, and that as 
the whole atmospheric column supported about 30 inches of 
mercury, all that was necessary was to observe the depression 
of the mercury on ascending a mountain, and then, by com- 
paring the relative weights of mercury and air,* to ascertain 
the height of the mountain. The error, however, was soon 
discovered. Halley showed that the density of air decreases 
in a gecnnetrical progression, while the elevation increases in 
an arithmetical progression ; that is, if at a certain height 
the density was half that at the earth's surface, it would be 
cne^aiurih at twice that height ; <yMreighJth at thrice that 
height, and so on; and Mariotte, about the same time^ 
having determined that the pressure of aerial fluids is 
exactly proportional to their density when the temperature 
is equal (9), it was clearly proved by Halley that the ratio 
of decrease in the pressure was different from that of the 
increase in the heights. Indeed, if the upward diminution 
of the temperature be equal for equal ascents (39), it may be 
shown, for heights which are in arithmetical i^To^««fi^<;yc^^ 
* Tti§ boB been determined by Biot and kn^o tA\)«\^ A^^^^* 
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that the elasticity diminishes in geometrical progressiQn lake 
the density, but rather more rapidly. 

Kow, the relation between an arithmetical and a geome- 
trical progression is the same as that between a series of 
logarithms and their natural numbers; and it occurred to 
Halley to apply a common table of logarithms to the solution 
of these questions. It was necessary, however, to fix the 
unit of his two series, which he did by calculating that the 
height at which the atmospheric pressure is exactly half that 
at the earth's surface must be about 3^ miles. That is to 
say, although the atmosphere may extend to the height of 
45 miles, yet its lower ludf is so compressed as to occupy 
only 3^ miles, so greatly do the upper portions expand when 
relieved from pressure. 

Hence at the ) _ , ., ^ ., - ^ , ., , . .t . » 
, . , « \ ^\ niiles, 7 miles, 10^ miles, 14 miles, &ft 

the elasticity of the ) , , ., , ., , , 

atmoepJreis \^' ^*^' **^' ^'"^ *^ 

Halley was induced^ by certain mathematical conaderih 
tions, to fix upon the number 62,170 as a constant imilth 
plier, and the rule for the measur^nent of heights may lie 
stated as follows -.—Observe the height of the^bexometeraft 
the earth's surfeiee, and then at the top of the mountain, or 
other elevated station ; take the logarithms kA those num- 
bers, and subtract the smaller from the greater ; muHif^ 
the difference by 62,170, and the result is the height in 
English feet. This process gives a very near appraximatiffl^ 
especially in temperate climates. 

But the progress of science soon rendered it evident thai 
a correction for temperature was necessary in barometrioal 
measurements, and a formula has been contrived to-meel 
most of the difficulties of the question. The following nik 
will be found of easy application : — Multiply the different ! 
of the logarithms of the two heights by the barometer, lij J 
63,946 ^ th^ result is the elev&ticm. m Ex\^Uah feet. TheaJ 
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temperature at the two elevations; if that be 69*68° Fahr., 
no correction is necessary; if above that quantity, add 
:j^th to the whole height found for each degree above 
69-68°; if below, subtract the same quantity. For example : 
Humboldt found that at the level of the sea, near the foot 
of Chimborazo, the barometer stood at exactly 30 inches, 
while at the summit of the moimtain it was only 14-85. The 
logarithm of 30 is 14771213, and the logarithm of 1485 is 
M717237 ; then subtracting 

1-4771213 
1-1717237 



0-3053976 



Multiply this by 63,946, which produces 19,539 for the ele- 
vation in feet. If the mean temperature of the two stations 
were 69*68°, no correction is necessary for temperature. This 
is a tolerably close approximation ; the most careful calcu- 
lation has given 19,332 for the real height, and this was ^ 
probably estimated for a lower temperature. 
^ A method has been given by Leslie for measuring heights 
without the use of logarithms. His rule is as follows: — 
Note the exact barometric pressure at the base and at the 
summit of the elevation, and then make the following pro- 
portion : — As the sum of the two pressures is to their dif- 
ference, so is the constant number 52,000 feet to the answer 
required in feet. Suppose for example the two pressures 
were 29-48 and 26-36 ; then 

As 29-48 -F 26-36 : 2948 — 26-36 : : 52,000 feet : 2,9054 
feet, the answer required. 

This rule has been found applicable to the mean tem- 
perature of our climate for all heights under 5,000 feet, and 
is therefore available for all the elevations in Britain. The 
barometer should be fiimished with a vernier, for reading off 
hundredths of an inch (24), as a difference of -^th of an inch 
will indicate from 88 to 100 or 110 fee\», «jWiat^Mi% 'Vi '^'^ 
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level is the same as from the 20 to the 10 inch, from the 10 
to the 5, from the 2 to the 1, from the 4 to the 2, or from 
any other number to its half or double. So also the distance 
between any number and its triple is the same as between 
any other number and its triple ; and the same is true of any 
other multiple : the distance between 30 and 6, for instance, 
is equal to that between 20 and 4, between 15 and 3, or 
5 and 1. Now, this is the property of a loga/rithmfdc scale 
(such as that engraved on the carpenter's sliding rule), viz., 
that numbers having equal ratios are found at equal distances 
apart ; just as in a table of logarithms, any pairs of natural 
numbers that have equal ratios are found opposite to pairs of 
logarithms that have equal differenceSf so that numbers in 
geometrical progression have their logarithms in arithmetical 
progression. 

This law, then, that the elasticity of the air diminishes 
upwards in a geometrical progression, for heights that 
increase in arithmetical progression ; or that the pressures at 
different heights vary as the numbers of which those heights 
are the logarithms, is the foundation of the method of mea- 
suring heights by the baj^ometer. This law, although pre- 
served at the greatest accessible heights, cannot remain true 
throughout the atmosphere, because in such case it could 
have no limit, for there would be no height at which the 
pressure could be reduced absolutely to 0, so that air in an 
inconceivably rarefied state would extend even to the moon 
and the planets, which is certainly not the case ; and indeed 
various reasons lead to the conclusion that it ceases alto- 
gether under the height of 100, and, in all probability, under 
50 miles.* Even at 20 miles, it must be rarer than the 

* Calculations founded on the duration and appearances oi twilight (a 
phenomenon due entirely to the atmosphere) g^ve for its height values 
varying from 45 to 90 miles. No certain conclusion can, therefore, be 
drawn from these ; but by a different calculation, depending on a more 
careful collation of the observations made on the Andes and in ballooni 
respecting the upward decrease of tempeTature Mid ^xeasrax^^ M. Blot has 
ibeea Jed to infer that the elasticity and dexksity X^coxaa ^ vX^Yte^^^QS^ 
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but we have no Sonometer for measuring the intensity of 
sound, because we do not know what effect of sound can be 
taken as the true measure of its intensity. A similar 
objection applies to Fhotometera, or Ught-mecMurers. 

The conditions necessary to the production and propa- 
gation of sound were noticed in a former treatise.* A body 
in a state of stable equilibrium is disturbed therefrom by 
a certain impulse. It should here be remarked, that me- 
chanicians distinguish two kinds of equilibrium, stable and 
unstable,^ Both alike are produced by the marked neu- 
tralization of different forces, but with this difference — ^that if 
a body in unstable equilibrium be moved ever so little, so as 
to leave a portion of force unbalanced, this force will urge 
the body further and further from its original position, and 
it will not rest until it has found a new position of equili- 
brium. But a body in stable equilibrium not only tends to 
preserve its i)Osition unaltered, but to return thereto when 
disturbed within certain limits, because the force thus 
brought into activity does not tend to drive it fitrther, but 
to bring it back to its former position. But the momentum 
thus acquired will not allow it to stop here. It will (if we 
disregard all loss of momentimi by its transference to other 
bodies) proceed as far beyond the position of equiUbrium as 
it was disturbed therefrom at first, and will thus continue to 
vibrate or oscillate through an equal space on each side of the 
position of equilibrium. And it would do so for ever, were 
it not for the action of what are called reta/rding /arees or 
resistanceSy such as Jrictumy resiaUjmce of the awr, dec. ; or, in 
other words, the motion is shared among gradually increas- 
ing quantities of matter imtil its intensify becomes inap- 
preciably small. 

59. The vibrations or oscillations thus produced are 
usually communicated to the surrounding air, which com- 
municates corresponding vibrations to the ear, which recog- 

* IntrodvLC^on to Natural PVkWosovVf i ^i^^^ ^^> ^y ^^* 
f See Rudimentary Mechamcs, seca. \^ Xo '^.Y. 
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nizes them as sound, provided they be very rapid. The 
modes of vibration are very different in different bodies. 
We have already seen how a bell vibrates ;* let us now in- 
qniie into the modes of vibration of a string stretched 
tightly between two fixed points, a, b. Fig. 30. On draw- 
ing the string aside with the fingerj as in the guitar and 
harp, or with a bow, as in the violin, or with a hammer, a^ 




in the piano, the force employed converts the right line a b 
into a curved one, a a b. Now, it is obvious that the line 
A a B is longer than a b, and the string, in order to occupy 
the longer path, must have its fibres or particles separated 
or strained somewhat further apart. The moment the dis- 
turbing force ceases to act, the string, by its elasticity, re- 
covers its position a b, but the momentum it has acquired 
carries it almost as far on the other side of a b as the original 
displacement, namely, to a & b. The Mction of the air and 
the fixed points a b diminish the momentum of the string, 
80 that on the reboimd it reaches only to a c B, thence to 
kdBy the oscillations still go on, diminishing to A 6 B, to 
Ay ^ and, finally, to a state of rest. 

The motion of any one point in this string is seldom 
merely backwards and forwards in a straight line, or even 
in an ellipse, but more fre- 
quently it describes such Fig. 31. 
carves as that shown at c, 
Rg. 30, or those in Fig. 31, 
indicating actions of ex- 
treme complexity, arising 
from the various unknown 
molecular forces of the solid. 

* JntrodvLCtion to the Study of "NataralYVAVj^o^Vl, ^ft*^-'^'^* 
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60. Now, it must be remarked, that whether these vibra- 
tions be large or small they are performed in equal times^ 
because the &rther the string is removed from the position 
of rest the greater is the elastic tension, and consequently 
the greater the momentum and velocity with which it re- 
turns to its original position j and these two elements, the 
extei^t of the displacement and the rapidity of the return, 
are found to increase in exactly the same ratio, a law which 
applies also to the oscillation of the pendulum. 

Every passage of the string over the line of rest A b^ 
Fig. 30, is called a vibrcUion, and the mode of comparing 
two or more velocities of vibration is to choose some small 
unit of time, such as a second, and to calculate the number 
of vibrations which occur in such unit. 

61. During every vibration of a sounding body the air 
participates in its motions, and conveys to the ear a wave of 
sound. We have endeavoured to represent in "Pig. 32 what 

Fig. 32. 
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takes place in the air during the ringing of a bell. Every 
vibration of the bell sends forth a circular wave which 
spreads in every direction. Now, as these vibrations are 
isoch/ronoua, or equal-timed, all the concentric circles are 
equidistant, like those which proceed from tbe place where a 
stone has been dropped into water. Such waves spreading 
through the air, and therefore breaking upon the ear at 
e^wsU intervals, constitute a mudcal note. In a rmse, or un- 
musical sound, the waves follow esucbi o\^^t 'N^'^ ^i^cLQ»j^ ^ ^C&& 
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8», with no regolarity either in their intervals or their in- 
tensitie& The more regular they may be, the more clear 
or musical in the socmd. The waves of sound are of course 
not circles but spheres, not spreading in one plane only, but 
upwards, do^wnwards, and on every side. 

It is further necessary, to constitute a musical note, that 
the waves succeed each other at least sixteen times in a 
second, otherwise they will be each heard separately, consti- 
toting a rcMe. But when they are just too rapid to be dis- 
tingaished separately, they form a very low musical note ; 
ffld the more .rapid the higher will be the note. A shrill 
viustle is due to several thousand vibrations in a second. 

62. No^ let us suppose the number of vibrations of a 
(Main string to be 100 in a second. On shortening the 
Btnng we increase the number of vibrations per second in 
the very same ratio (inversely) ; so that it will, if shortened 
exactly one-half, have its vibrations exactly doubled : it will 
vibrate 200 times in a second, and this will yield a note 
exactly an octam higher than the former one.* 

63. But i^ instead of varying the length of the string, we 
vary the tension or force with which it is stretched, we get 
different results, for the rapidity of vibration is foimd to be 
QLcreased as the square root of the tension. Let the string 
be arranged as in Fig. 33, where one end is fixed securely by 
& peg; the string then 

passes over a wedge a, and a ^^' ^^' 

piilley b, and is stretched by 
a weight, the effective vi- 
brating length of the string 
being that situated between 
^^e two points of support. Let us suppose the string to 
vibrate 100 times in a second. Now, in order to make the 

* By doubling the thickness of a cylindrical string, we obtain four 
times the bulk or mass, and we get the number of'ribrations doubled in 
^ same space of time. In order, therefore, to study the effect of length 
only, we must have strings of the same thickness. 
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vibrations t^oice as rapid, we must increase the weight Jimt 
times : to make them three times more rapid, the weight must 
be increased the square of three, or nine times, and so on. 
The same arrangement will also prove the fondamental &ct^ 
that below a certain rapidity of vibration no sonnd is pro- 
duced. K the stretching weight be very small, the vibzaJdoiiB 
will be sufficiently slow for the eye to follow them, and if 
the number be less than 16 in a second; no sound will be 
heard. 

64. The reader may be surprised at the number of vibra- 
tions made by these strings in a second, and may wish to 
know by what means these high nxunbers are ascertained. 
We will endeavour to inform him ; but first it is necessaiy ! 
to remark, that the same note produced on any musical in- j 
strument is due to the same number of vibrations per ^ 
second. Thus the tenor c, which is produced by a string 
vibrating 256 times in a second, as in a piano, is also pro- 
duced in the flute by a column of air vibrating the soma 
number of times per second, and also in the human voioe by 
two chords (called the chordce vocales) contained in the upper 
part of the windpipe, also vibrating the same number of 
times per second. And however different the quality of 
these notes, as given by different instruments, may be, they 
all agree in pitch, and this is determined by rapidity of vi- 
bration. 

65. There are various, methods of determining the num- 
ber of vibrations per second required for the production of 
any note. An ingenious little instrument, called the Syren, 
has been invented for this purpose. It is represented in 
¥ig. 34, in which A is a cylindrical chamber of brass. In 
the instrument used by the writer, this chamber is 3 inch^ 
in diameter, and If inch higL A pipe b, 3^ inches long, 
screws into an orifice in the lower part of this chamber, and 
fits the tube of a double pair of bellows, or other machine 
capable of supplying an equable blast of air. The upper 

suiikce of the air-chamber, wTinchi \a ca5i<e^ Wjka toftAA^xi^ 
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ieiced with 25 equidistant holes Hg. 34. 

rranged in a circle. A disc c, about 

^inch in diameter, oontainiag the 

une number of holes as in the 

able, and coinciding with them, is 

upported by a yertical axis d, having 

ne bearing below the top of the 

hamber A, and the other in the 

ox E. The disc c is bo placed as 

Qst to turn freely without touching 

he table, and the holes through it 

le bored in a sloping direction, as 

tiown in Fig. 35, while those in the 

Ixed table slope the contrary way, 

as to deliyer the wind in the di- 

'ections shown by the arrows, and 

hus tiun the disc after the mcmner 

)f a smoke-jack. 

The yertical axis d is furnished at its 
ipper extremity, where it enters the box 
^ with a perpetual screw, which gives 
notion to a wheel Aimished with 100 
;eeth, and its axle bears one of the hands of the dial shown 
n front of the box. A single cog on this axle also acts on 
mother wheel of 40 teeth, turning the other index, which 
w^rdingly moves over one of the 40 divisions of its dial for 
3very complete revolution of the former index, which revolu- 
tion corresponds to 100 revolutions of the disc c. Now, it is 
)bvious, that during each turn of this disc, the currents of air 
^brough it are cut off and reopened 25 times. The circle of 
Wes, both in the disc and in the fixed table, being equidis- 
tant, they are all opened and all closed simultaneously, like 
tbe apertures of a revolving ventilator; and the hands and 
U afford an exact register of the number of these openings 
and shuttings up to 25 x 100 x 40 = 100,000. The 
wheels are fixed to the front plate only of the box e, and this 



Fig. 35. 
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plate can be shifted througli a small space sidewise, so a 
to tlirow the wheels out of gear in a moment. 

When this instrument is placed in connection with ; 
double bellows, the stream of air enters the chamber, wher 
it undergoes a slight condensation : it escapes rapidly throug] 
the holes in the table, forming a series of oblique jets whid 
set the disc in motion with a rapidity depending on th 
strength of these currents; and as the air is strongly pro 
polled when the apertures of the table and of the disc coin 
cide, and is suddenly arrested between each coincidence, i 
follows that each of these alternations agitates the surround 
ing atmosphere, so that each revolution of the disc produce 
25 waves of sound. These waves originate simultaneous!; 
from each of the 25 holes ; for if either the fixed or th 
moving plate had only one hole (the other having 25), it i 
evident that the blast would flow and be arrested the sami 
number of times, and would therefore produce the same not^ 
but with less intensity. The use of having 25 holes in eac) 
plate is simply to strengthen the note without changing it 
pitch, on the same principle that the three strings given t 
each note of a grand pianoforte, without making the pitch o 
the notes differ from that of a single-stringed harpsichord 
improve the power and quality. By regulating the force o 
the blast, and consequently the speed of rotation of the disc 
sounds may be produced from the gravest to the most acute 
Let us suppose that, by means of this instrument, we wish t< 
ascertain the number of vibrations necessary to the produo 
tion of a note yielded by an organ-pipe. For this purpoa 
the pipe is screwed into the upper table of the bellows whicl 
supplies air to the syren. The action of the bellows wil 
cause this pipe to sound, and its pitch, as will be explainec 
presently, will not be altered whether the blast be moderat< 
or strong. In the syren, however, the disc will rotate slowlj 
or rapidly in proportion to the strength of the blast, and th< 
resulting note is acute in proportion to the rapidity of rota 
tion. It wiU be easy to regulate the blast so as to make th< 
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syren yield a note sfcricily nniaonant wiih that of the organ- 
pipe ; and we know that notes in nninon of the aame pitch 
are due to the same number of waves or vibrations per 
second. Now, as the dial-phites of the syren indicate the 
number of waves generated during the time the wheels are 
kept in gear, it is obvious that this number, divided by the 
number of seconds diuing which they were so kept, will give 
the number of vibrations per second for the note under con- 
sideration. A pendulum beating seconds must therefore be 
at hand. 

A moderate degree of practice in the use of this instru- 
ment will enable the observer to determine the absolute 
number of vibrations per second necessary to the production 
of any given note without a greater error than one vibration 
in five seconds. Such observation may be prolonged during 
several minutes, and thus any small error arising from irre- 
gularities in the mechanism will scarcely appear in the result. 

The syren may be set in action by the flow of air or gas 
from a gasometer, or by means of a stream of water. When 
plunged entirely in water, it will yield the same tones as in 
air, a circumstance which suggested to the inventor the 
name of this instrument. 

Variations in the nimiber, the form, and the size of the 
apertures of the rotating disc produce corresponding varia- 
tions in the qtudUy of the resulting notes; the pitch or 
rapidity of vibration may remain the same, but the quality 
or timbre may be very different. This is occasioned by some 
ill-understood connection between the molecular constitution 
of bodies and the sounds which they emit, whereby we are 
able to call things by their right names from their sounds. 
It is a most obscure and difficult subject, and the variations 
in timbre in the syren do not .serve to enlighten it. Kthe 
spaces between the apertures in the rotating disc be very 
BmaJl, the tones approach in character to those of the human 
voice ; if the spaces be large, the tones resemble those of a 
trumpet. A number of experiments with the syren seems to 
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show that the extreme limits of the humaa voice in males 
vary from 3S4 to 1266 vibrations per second, sEnd in females 
from 1 152 to 3240. The highest note in music is about the 
14th c* (five octaves above the middle c of the pianoforte), 
and this is due to 8,192 vibrations -per second; but much 
higher tones can still be heard. Savart has produced tones 
due to 48,000 vibrations per second. 

66, Let us now inquire further into the relation between 
musical pitch and the rapidity of vibration. It has been 
already stated (62), that whenever two notes differ by an 
octave, the upper is due to two vibrations for every one vibra- 
tion of the lower note ; and as 8,192 vibrations per second 
produce the note called c, it follows that the next c below 
this contains 4,096, the next 2,048, the next 1,024, then 
512, 256, 128, 64, 32, and 16 vibrations per second, the last 
number being generally considered the lowest note in music, 
and is also c, being nine octaves below that first mentioned 

67. It would thus appear that in any series of notes taken 
at equal intervalsy or in arithmetical progression (according 
to the musical notation), the vibrations really increase or 
diminish in geometrical progression ; for that which the mu- 
sician calls equal intervals or differences of pitch, actually indi- 
cates equal ratios between the times of the vibrations. But 
although this is true not only of the intervals called octaves, 
but also of those called thirds, fowrths, fifths, &c. (if perfect), 
yet it is not true of those called single tones; for, if we inter- 
polate six geometrical means between any note and its 
octave, these will not be the six intermediate notes used in 
music. The reason for this is as follows : — 

We have said (61) that, to constitute a musical note, the 
waves or pulses of air must recur in a regvla/r manner. They 
need not be all equal in intensity or at equal intervals, but 
their whole cycle of changes (if any) must occupy a very 
short fraction of a second, and recur in exactly equal periods. 

* So called from its number of 'vibratVow^ ^t ^fiAQivd., \ieui^ the 14th 
power of 2, or 2'* = 8, 192. AH other po^era oi 1 «^ao ^'^^ ^^ T!»fif» ^* 
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Now, -wben two notes are heard togetlier, they cannot form 
a compound sound, fulfilling this condition, unless their 
times of vibration bear a simple numerical ratio to each 
other, so as to have a short common multiple which forms 
the cycle of changes above mentioned, and must not be 
longer than -j^th of a second. Accordingly, all the intervals 
called luvrmowiG arise from some very simple ratio between 
the vibrations, as, for instance, the a^vt^ already mentioned ; 
the,/^/%^, when 2 vibrations of one note exactly correspond to 
3 of the other ; the iHwrd, when 4 vibrations correspond to 5 ; 
the fowrth, when they are as 3 is to 4, &o. But two vibra- 
tions which are incommensurable, or have no common multi- 
ple (or a very long one), produce by their combination such 
a total irregularity, however regular they may each be sepa- 
rately, that the compound loses all musical character, and 
becomes a mere noise. 

Hence we see that it is the object of the musician to fix 
on such notes as may afford, among themselves, the greatest 
number of simple commensurable ratios. This object would 
be entirely defeated by a geometrical progression (that is, by 
dividing each octave into eqwd intervals), for no geometrical 
means that can be inserted between any ntimber and its 
double will be commensurable with those numbers, or 
with each other ; so that all notes thus chosen must be 
discordant. 

Bat the required object is best attained by inserting 
between a note and its octave, or double vibration, six other 
notes which are respectively due to \\, \\, \\, 1^, 1^, and 1|- 
more vibrations per second than the lower note,. which is 
called <;, or Do, while the others represent the remaining 
notes of the gamut, namely, 

i> E F o A R 

Re Mi Fa Sol La Si. 

Hence, supposing that whatever be the number of vibrations 
per second necessary to produce the note c, we agree to 
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represent it bj unitj or 1, then the numbers necessary to 
produce the other seyen notes of the octave above will be as 
follows : — 

» = f» E = T> F = T»•«^ = i, A = I, B = V, c = 2. 

It will be observed, that the seven intervals or tones are 
by no means equal, for these numbers do not form a geome- 
trical progression. Thus the ratio between c and D is that 
of 8 : 9, while that between d and E is rather less, namely, 
as 9 : 10 ; the next, or that between E and F, is only as 
15 : 16 ; the next, or that between F and o, as 8 : 9 ;.that 
between G and A, as 9 : 10 j that between A and B, as 8 : 9 ; 
and the last, or that between B and c, is only as 15 : 16. 
Thus we see that the intervals between E and F, and between 
B and c, hardly exceed the half of each of the other intervals. 
Hence the reason that these two intervals do not, like the 
others, admit of subdivision into semi-tones. 

68. A very remarkable proof of the vibratory nature of 
soimd is heard when two notes very nearly, but not quite 
unisonant, are sounded together. A periodical interruption 
of the sound called a heatj occurs at intervals, which are 
longer the nearer the two notes approach to perfect identity, 
and may often be as long as half a second or more. To 
understand this, we must remember that each pulse or 
vibration of air consists of ttvo contrary motions to saxdjro. 
Now, if one source of sound tend to produce the forward 
motion exactly when the other source would excite a back- 
ward motion, and vice versa, the two, if equal, will annihilate 
each other, and two sounds wiU produce silence. But with 
two notes, very slightly differing in pitch, this must occur at 
certain regular periods, between which the contrary effect 
takes place, and the two vibrations coincide so as to reinforce 
each other. The effect is precisely similar to that which is 
seen when two very regular sets of parallel lines, one having 
rather wider spaces than the other, are superposed. Thus, 
two iron gratings or railings, ¥ig. ^^, 'v\!i<^ >iJfcLWX3^ t^sJSic^ 
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of equal intervals, are made to appear sKghtly different from 
the effect of perspective, produce the appearance of broad 
heaiSf or alternations, in one of which the bars coincide and 
oonoeal each other, while in the next they fall into each 
other's intervals. Or to take a closer analogy from the 
sense of hearing instead of that of sight : if we listen to a 
train drawn by two locomotives whose driving wheels differ 
slightly in size, their beats are heard distinctly for a few 
seconds, they are then lost in confusion for a short time ; 
they are again heard distinctly, and again blended together 
alternately. Now, suppose any vibrating body to strike the 
air 100 times in a second and another 104 times in the 
same space, the latter will produce a sound about one-third 
of a tone sharper than the former ; the waves of sound will 
coindde and reinforce each other 4 times every second, and 
will oppose, and, if equal, will destroy each other 4 times in 
the same period, thus producing an audible beat about as 
rapid as that of a watcL 

69. In our introductory treatise on Natural Philosophy, 
we have shown the method by which the velocity of sound 
in air has been ascertained. At the temperature of 62^ 
sound travels at the rate of 1,125 feet per second. It has 
been stated (61), that when a given note is sounded in air, 
the sound is propagated in toaves similar in character to 
those which may be so beautifrdly studied when the wind 
is blowing oyer a field of standing com. (See Fig. 37.) Now, 
when it is said that sound travels at the rate of 1,125 feet 
per second, it is not meant that the particles of air move 
through that distance any more than tine e^wc^ oi c^tclHjcw?^ 
itom one end of the field to the other •, it \a oxX^ \Jafe Jww. q 

L 2 
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the wave which so travels. It is the same with the particles 
of air ; their individual movement is. confined within narrow 
limits, but the effect of this movement is propagated from 
particle to particle with the rapidity of 1,125 feet per 
second. As soon as the particles first disturbed have moved 
to such a distance as their elasticity will permit, they return 
to their former position, and acquire in so doing a momen- 
tum sufficient to carry them a certain distance in the oppo- 
site direction, and by this means an oscillating or vibratory 
movement is established. Each particle is disturbed a Httle 
later than the one preceding it, and thus the particles are in 
different states of motion, some moving onwards while others 
are moving backwards, the two sets being separated by par- 
ticles at rest, or in the act of tv/nvmg from the completion of 
one movement to commence the next. Now these turning 
sets of particles are alternately more condensed and rcMrefied 
than in their natural condition. (See Fig. 32.) Those 
which have just commenced their backward motion are rare- 
fied as the ears of com at r r B, Fig. 37, and those which are 

Fig. 37. 
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beginning their forward motion are condensed as at c c c. 

This has given rise to the term wa/oe of sound, a wave 
being understood to include particles in all the various states 
of vibration, each wave being exactly similar to all the others 
for any given note. The length of a wa/ve is the distance 
between any two particles which are in precisely the same 
stage of vibration. It matters not whether we measure it 
from the most forwa/rd to the most forward set of particles, 
or from the most hackwa/rd to the most backward set ; or 
from one place of greatest rarefaction to the next, or from 
one place of greatest condensation to the next \ just as it is a 
matter of indifkrence, in estimating t'^ft \«rL^i»!a. oi ^^^sq^ ^1 
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water, whether it be taken from one denaJtion to the next, or 
from one depression to' the next. 

Waves of water do not all travel with the same speed, 
their speed being proportional to the square root of their 
length, so that, the slower or less frequent the oscillation, 
the faster does it travel ; those of the ocean, for instance, 
travel &ster than those of the English Channel, and these 
than the waves of a river. 

■ Waves of air, however, whatever their frequency, all 
travel with the uniform speed of about 1,100 feet in a 
second. Hence, when we know their frequency, or how 
many of them arrive at and pass a fixed point in a given time 
(such as a second), we may at once find their length, which 
is 1,100 feet divided by their number per second. Thus, 
the c above the tenor c is produced by 512 vibrations per 
second ; 512 waves £all on the ear in that time, during which 
each would travel 1,100 feet, so that this distance contains 
512 waves, each of which must accordingly occupy about 
2 feet 1 inch. Consequently, every time this note is 
sounded on any instrument, the air which conveys this note 
to our ears is thrown into waves, each of which measures 
about 2 feet. All the innumerable particles of air between 
Qs and the instrument form a series of little pendulums, the 
amplitude of whose oscillations depends on the lovdness of 
the sound, and is, in all cases, very minute ; but the distance 
from each particle to the next, which is in precisely the 
same part of its oscillation as from c to c or r to R, Fig. 37, 
depends entirely on the pitch, and is, in this case, about 
2 feet. In the same way we find the waves of the gravest 
note to be about 64 feet long, and those of very shrill sounds 
to be less than an inch.* 

* A very curious effect of sound when the observer is in rapid motion 
Was brought before the notice of the British Association in 1848| by 
Mr. Scott Russell. He found that the sound of a whistle on an engine, 
stationary on a railway , was heard by a paa&en^T) Vxwf^Ti%Vck.^\x^ccck\:^ 
rapid motion, to give a different note, in a dVffcifetiX. Ve^ Itwsi 'Oc»aX\si 
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70. When waves of sound meet any fixed surface tolerably 
smooth, they are reflected according to the law of equal 
angles of incidence and reflexion.*' In this way echoes are 
produced. Between two paraUel surfaces a loud sound is 
reflected backwards and forwards, and several echoes are 
audible. When the parallel surfaces are much nearer toge- 
ther, as the walls of a room, although a larger number of 
echoes are produced, yet they follow each other too rapidly 
to be distinguished, and as they arrive at the ear after 
equal intervals, they produce a rrmaical note, however un- 
musical the original noise may have been. Hence all the 
phenomena of refcerberaition. The pitch of the note depends 
solely on the distance of the two walls that produce it, and 
may be calculated there&om. 

A noise may also produce a musical echo by being re- 
flected from a large number of equidistant surfaces receding 
from the ear, so that the sound reflected from each sur&ce 
may arrive successively at equal intervals. Thus a shrill 
ringing will be heard on stamping near a long row of pali- 
sades. A fine instance of the same kind is said to occur on 
the* steps of the great pyramid. If the distance from edge 

which it was heard by the person standing beside it. The same remark 
applies to all sounds. The passenger in rapid motion hears them in a 
different key, which might be either louder or higher in pitch than the 
true or stationary sound. Now, as the pitch of a musical sound is deter- 
mined by the number of vibrations which reach the ear in a second of 
time, if an observer in a railway train move at the rate of 56 miles an hour 
towards a sounding body, he will meet a greater number of undulations 
in a second of time than if he were at rest, in the proportion which his 
velocity bears to the velocity of sound. But, if he move /rom the sound- 
ing body, he will be overtaken by a smaller number in that proportion. 
In the former case he will hear the sound a semitone higher, and in the 
latter a semitone lower than the observer at rest. In the case of two 
trains meeting at this velocity, the o^e containing the sounding body and 
the other the observer, the effect is doubled in amount. Before the 
trains meet the sound is heard two semitones too high, and, after they 
pass, two semitones too low, being a difference of a major third. 
* See Introduction to Natural Philosophy, sees. 35 and 45. 
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jyP to edge of each step were two feet one inch, the note yielded 
a] I ▼oald be the tenor C, because each echo having to go and 
return, would be four feet two inches later than the previous 
one, which is the length of the waves of that note. But as 
the steps gradually diminish in size upwards, the echo, if pro- 
duced and heard at the bottom, must gradually rise in pitch. 

These facts explain the principle of those wind-instruments 
in which there is no vibrating solid. The vibrating body is 
not the pipe, but the air contained in it. An agitation pro- 
duced in the air at one end of the pipe is communicated to 
(the other end, and reflected backwards and forwards from 
end to end, producing isochronous (or equal-timed) impulses, 
the firequency of which depends entirely on the length of the 
pipe. Hence all organ-pipes of the same length yield the 
same note as to pitch, its quality only being affected by the 
Ibrm or material of the pipe. It will thus be at once per- 
ceived that the lowest (the waves of which are 64 feet 
long) requires a pipe of 32 feet to produce it ; and that all 
notea^ from this to the shrillest whistle, are easily calculated, 
by dividing 550 feet by the length of the pipe. 

71. Some very remarkable effects of sound are produced 
in the phenomena of sympcUhetic vibration, numerous in- 
stances of which must be £similiar to the reader. K a flute be 
sounded in the same room with a piano, the notes of the flute 

I will cause some of the wires to vibrate. The waves of sound 
set in motion by the flute produce motion in those very wires 
which yield the same notes as are being played. If the voice 
I be pitched to the same note as that yielded by a glass goblet, 
the former will set the latter ringing. And to take a still 
more remarkable instance, if two pendulimi clocks standing 
against the same wall be both wound up, and one set going 
while the other is at rest, the small vibrating impulses of the 
going clock will gradually communicate motion to the pen- 
dulum at rest, and in the course of some hours the latter will 
be found in full swing. 



lis OONCLUSIQir. 

72. It will be seen from the foregoiiig survey, that the 
atmosphere, like a vast and complioated machine, has a 
yariety of movements, the result of omniscient design. Some 
of the latest and most valuable discoveries respecting the 
motions of the aerial currents beautifully illustrate a passage 
in Scripture : '* The wind gpeth towards the south, and 
tumeth about unto the north ; it whirleth about continually, 
and the wind retumeth again according to his circuits." ♦ 
Amidst all the mutations of science, it is cheering to the 
student to notice, that no sooner is a natural law brought to 
light, and Mrly established, than we immediately perceive 
its harmony with sacred truth. Whatever discrepancies may 
seem at present to exist, arise from the imperfection of our 
knoT^ledge of natural laws, and will, as science advances, gra- 
dually be cleared away. 

* Ecclefl. i. 6. 
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ON THE ANEMOMETEB.* 

It is a matter of ooniiiiderable importance to meobanical 
science to be able to determine the Telocity or force of the 
wind. Its direction is indicated by that ancient instrument, 
the weathercock, which consists of a vane of thin metal (for- 
merly made in the shape of a cook, whence the name), and 
an arro^r, turning freely at the upper extremity of a fixed 
vertical rod, the yane being on one side and the arrow on 
the other, so that the Yane takes a position in the direction 
of the wind, and the arrow points to the quarter from which 
it blows. The first instrument invented for the purpose of 
measuring the force of the wind seems to haye been by 
Dr. Croune, in 1667 j but this did not answer the purpose 
intended. Better instruments were invented by Wolfius 
and other scientific men during the last century ; but as their 
most valuable features have been preserved in modem in- 
struments, it is not necessary to notice them here, farther 
than to state, that in most of these contrivances the velocity 
of the wind was measured by its mechanical effects. The 
compression of a spiral spring, the elevation of a weight 
round a centre acting at the arm of a variable lever, were the 
chief means employed to balance, and consequently to mea- 
sure, the force of the wind. The spring, however, which, 

* From avmoQf the wind, and fitrpovt a measure. We are indebted 
for this essay chiefly to the work entitled ** TheTeiAY'^>' «k^A&^ \^- 
ferred to at p. 83, 
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Fig. 38. 



from its simplicity, has been commonly used, is liable to thid 
objection, that it diminishes in elasticity by frequent com- 
pression, and thus the scale by which its force is ascertained 
must be constantly varying. To remedy this defect, there 
has sometimes been substituted for the spring a bag of air 
communicating with a glass tube in the form of a lengthened 
U, containing a liquid, which is depressed in one leg and 
raised in the other in proportion to the compression of the 
air in the bag, thus affording a measure of the compressing 
force. Leslie's anemometer depended on the principle, that 
the cooling power of a stream of air is equal to its velocity. 
Another instrument depended on the evaporation of water, 
the quantity evaporated in a given time being proportional 
to the velocity of the wind. The raising of a column of fluid 
above the general level of its surface is the principle of 
Dr. lind's anemometer. Fig. 38. It consists 
of two glass tubes, about 9 inches long and 
■i^ths of an inch in diameter, connected at 
their lower extremities by another tube of 
glass only ^th of an inch in diameter. To 
the upper extremity of one tube is fitted a 
thin metal cap, bent at right angles, so that 
its mouth may receive the current of air in 
a horizontal direction. Water is poured ^in 
at the mouth till the tubes are nearly half 
friU, and a scale of inches and parts of an 
inch is placed between the tubes. When the 
wind blows in at the mouth of the cap, the 
column of water is depressed in the tube 
below the cap, and elevated to a similar 
extent in the other tube, so that the dis- 
tance between the sur£9u;es of the fluid in 
each tube is the length of a column of 
water, the weight of which is equal to the force of the wind 
upon a surfiace equal to the base of the column of fluid. The 
object of the small tube which connects the two larger ones 
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is to prevent the oscillation of the fltiid by irregular blasts of 
wind. The absolute velocity of the wind is deduced from the 
height of ike column of water, or it may be ascertained from 
the tables constructed for the j^urpose. Thus, according to* 
Dr. lind, a colmnn of watei^ Qh6i5 inch, or a fortieth of an 
inch high, exerts a presstir6 of rather more than 2 ounces 
1 drachm upon a square foot of surface, and balances the effect 
of a gentle wind moving at the rate of about 5^ feet in a' 
second, or not quite 4 miles an hour. When the column of 
water is one inch high, the force of the wind on a square 
foot is nearly 5\ lbs., its velocity 32^ miles an hour, and iter 
character a high wind. When the colimm marks 3 inches, 
the force is upwards of 15^ lbs. on the square foot, the velo^ 
city above 56^ miles per hour, and the character a stormw 
At 9 inches the force on the square foot is stated to be 
46 lbs. 14 oz., the velocity 97^ miles an hour, producing s 
most violent hurricane. Thus it will be observed that in' 
the greatest storms the difference between the atmospheric 
pressures on the Edward and leeward sides of any object 
does not amount to -^th of the pressure of the leeward 
side, for that is capable of supporting a column of about 
33 feet of water. 

Of >te years the most common forms of anemometer 
aie those by Dr. Whewell and Mr. Osier. The general 
anramgement of Whewell's anemometer will be imderstood 
h6m Rg. 39, in which it will be seen, that, by means of a^ 
tAne^ a windmiQ fly is constantly presented to the wiud- 
in whatever direction it may blow, and the fly of course 
revolves with greater or less rapidity, according to the 
v^odty of the current. An intermediate train of wheels, 
set in motion by the fly, causes a pencil- to descend over 
a fixed cylinder, leaving thereon a trace of variable length, 
according as the wind is more or less strong. 10,000 revo- 
lutions of the fly cause the pencil to descend only ^th of an 
inch. The surface of the fixed cylinder ia ^«^M«ifc^^\oJ^'> 
^d 18 divided into 16 or 32 equal parts "by infcMJka oiNCsMvi^ 
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lines, the intervemng 
spaces correapondiiig to Kg. 3! 

16 or 32 pointB of the 
compass, and a mark left 
by the pencil upon one 
or more of these spaces 
ahowB the direction of 
the 'wind. The pencil 
has two motions, the 
firat from above down- 
"wards, and this increases 
in rapidity as the wind 
blows more strongly, and 
by the extent of its de- 
pression registers the 
whole amount of wind 
that has been blowing. 
The second motion de- 
pends on the changes in 
the direction of the 
wind, and the pencil 
and its frame being car- 
ried ronnd by the vane, the direction is registered by this 
croaa movement. In this arrangement, therefore, the vane, 
the windmill fly, the intermediate train of wheels, and 
the pencil, all obey the direction of the wind ; while the 
cylinder which marks the pconts of the compass remains 
fixed, BO that the pencil, in descending and moving about 
with the wind, thus traces an irregular line on the cylinder. 
If the fly revolve in the simple proportion of the vclo<nty of 
the vrind, the length of line marked by the pencil is propor- 
tional to the space which would be described by a particle 
of air in a ^ven dijfection in a ff.vea time, such as one day, 
taking into account the strength of the wind and the time 
for triiich it blows. 
Tbe line marked by the pea<nl u'poTi '*£^ i^'^m.^ei Sa -nt^ ^ 
^ing-ie line, but a broad irregolax Tpetli. TVqb Sa ti«5wasia»& 
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hy the wavefing of the wind. The yane is in almost con- 
stant motion, swinging to and fro through an arc often not 
less than a quarter of a circle ; but the middle of the line 
which gives the mean direction, can readily be ascertained, 
while the length of the line is in proportion to the product 
of the velocity of the wind and the length of time during 
which it blows in each direction, which product is called itH 
mtegrcd force. 

The amount of Motion in this machine is very consider- 
able, arising from perpetual screws working in toothed 
wheels, for the purpose of converting the rapid motion of- 
the fly into a slow, descending, vertical motion^ again 
carried out by a thread turning within a moveable nut. 
There is also the Motion of the pencil, attached to this 
nut, pressing with sufficient force to leave a trace on the 
fixed cylinder. Hence, when the force of the wind is small, 
the fly would experience a greater amount of comparative 
retardation than with strong gales. 

Osier's anemometer traces the direction of the wind and 
its pressure on a given area, together with the amount of 
rain, on a register divided into 24 portions, corresponding 
to the 24 hours of the day. A portion of one of these 
register-papers is shown. Fig. 40, the central part of which 
is marked with a series of lines corresponding to the cardinal 
points of the compass. This is for indicating the direction 
of the wind. The upper portion of the paper registers the 
pressure, and is graduated by a series of lines corresponding 
to the pressure in pounds on the square foot. The lower 
portion of the paper registers the quantity of rain. The 
whole length of the paper is divided for the hours of the 
day into 24 parts, by lines crossing the former at right 
angles. A new register-paper is placed on a board, and 
accurately set every day, and the board is carried along by 
means of a clock mechanism, behind three pendls, A, b, c, 
which may be considered as the flngei^ or mdfeiL«& ^i "Ci^*^ 
machine. The botard, which is placed xt^i^i^e^) ^& '^^ '^^ 
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figure, mores on 
iriction-rolleia, 
wad ie thoe 
piOTed aJoug as 
the time nd- 
yancea 

, l^e pencil B 
is the index of 
dii^ectioa. The 
method hj 
whidi the iu- 
atruineiit is 
turned, BO as to 
obey the direc- 
tion of thewjjid, 
will be seen in 
Fig. 41. A set 

revolve verti- 
eally in a plane 
at right angles 
to that of the 

pressure -plate p, and drive a cog-wheel, which, by rolling oc 
a fixed cogged circle, turns all the rest of the ^paratoii 
round, till the vanes are presented edgewise to the current, ao 
as Bot to be turned by it eiUier way, when the preasore^Iate 
being at right angles to the tsdob, is acted on with full efieet. 
As the vanes turn in the direction <tf the wind, a ipiral worm 
on the ahaii, near its lower end, raiMe or lowers the nut y. 
Fig. 40, which doee not turn roimd, and tma which bangs 
the arm carrying the middle pencil ^ which thus traces a 
Qiark on one of the long lines of the register, if the wind be 
blowing towards one of the cardinal points, cnr a mark be- 
tween these lines, if it be blowing from intermediate pointy 
aucb as if.lf.W., N.W., &c, which may be repreaented by 
&iater liaea paraiiel vitU tlie othens. 
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The method by which the pressore-plate p. Fig. 41, is 
BlwayB mode to &ce the wind, has been already described. 
Tliia plate ia bus- 

peoded by means of ^■"■ 

four flexible spriiigB, 
etich of which is dou- 
bly and confdata of 
a delicate spring, to 
be acted on by geatle 
winds, and a stronger 
one to receive the 

, pressure o£ violent 
winds. By this means 
cnirents of only one 
mile an hour are mea- 

. sured, and the prea- 
mre of the wind in 

I violent gales is also 

I recorded. The motion 

I of the plate is com- 
municated to the re- 
gister below hy a wire 
connected with the 
bell-crank c, with another wire descending through the 
hollow upri^t uhaft, and kept Btretdied by a spiral spring. 
To this wire is attached the upper pencil c, Fig. 40, which 
thus descends lower the more the presBare-plate f is pushed 
back, and returns to the top of the paper when the pressure 
ceases. The distance to which the pencil is thus depressed, 
represents by means of a scale of pantllel lines, shown in 
Fig. 40, the pressure of the wind in ponnds on the area of 
one square foot, or its velocity in miles per hour. 

The pencil a registers the rain in a dmilar manner. The 
rain, after falling into the vessel d on the roof, flows into Q, 
one of the two divisions of a gauge halanoed on an axis, and 
supported jE>7 s second balance. Ab \i» -w^tet w««nsi»i**i 
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this aeoond balance begins to descend, and so roisea tke up- 
right rod to iwhich the lever F A i3 lUitadbed- This i^ver w A 
carries the pencil which hj this action is rSiis^di showiflif 
upon the lowest set of parallel lines the qiwatitf of water 
collected in the gauge. When this quantity beootniOB eq^ 
to a certain depth of rain, or to a certain nuqaber of cubic 
inches 'on a foot square, the small gaug^ oversets, the water 
i$ discharged, and the other compartment H of the gauge is 
brought imder the pipe. The pencil then returns to its 
first position at the bottom of the pap^r, and begins to rise 
on the scale as the rain is collected. In a trace of this kind 
it will be seen that, the more rapidly the rain falls^ the 
sharper wiU be the angles formed by the trace of the pencil ; 
but if the rain be slow and gradual, the elevating or diagonal 
lines will be drawn out into a considerable l^ogth ; and 
when no rain falls, a horizontal line will be drawn, as shown 
in Fig. 40, from VI. to i after YIII., and from X i to L 

It will be seen, then, from this arrangement, that as the 
register is constantly and hourly moved along behind the 
three pencils, a continued record or trace of the direction 
and pressure of the wind, together with the amount of rain, 
is left on the paper. Figs. 40 and 41 are intended to 
convey a general idea of Mr. Osier's arrangement in the 
Royal Exchange, London, where the register-paper is made 
to last a week. When the author visited the Meteorological 
Observatory at Greenwich a few years ago, he noticed that 
the register was placed horizontally on a table, and, being on 
a larger scale, it was changed every day. 

By means of such an instrument we ascertain the direc- 
tion, the duration, and the force of the wind. It is necessary, 
however, for the purposes of science, that the integral of the 
wind be deduced from each point of the compass ; that is, to 
ascertain the entire quantity of wind which has blown from 
each point during a given period. Now if the force of th< 
wind were constant, the integral would be obtained by multi 
plying the length of time that t\ie wm^ \a\i\oVvxL%V5 \!w 
velocity with which it moves. 
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The integral of the wind, or tbe total qqantiiy as mea- 
sured by its intensitj and duration jomilj, niaf be thus 
illnsirated. If the intensitjr or foroe <xf pnie wind, be to that 
of another as 2 to 3, and if the former wi^d laat 6 houzs 
and the latter only 2, the integral of tbe fona^ i3 double 
that of the latter, for it has blown twioe as much air oyer 
the place j for supposing the second wind to be opposite to 
the firsts it must blow for 4 hours before it will cany back 
a]l the air wMch the first bad blown over, llie integiia], 
therefore, is prop(»tional to the produot of the mean in- 
tensity or velocity, and the duration multiplied together. 

In a similar manner the area of a rectangle is propor- 
tional to its length and breadth taken jointly. Now if we 
have such a figure, whose length represents the dwraiion, of 
the wind, while its breadth represents the force or vdoeUff, 
as this force is constantly varying, the breadth of the figure 
must also vaiy, in ocder that its area may still represent the 
integral of the wind correctly. It is the object of Osier's 
anenaometer to describe such a figure. In Whewell's instru- 
ment, on the contrary, the integral is rejn-esented simply by 
the depth which the pencil descends. In this instrument no 
att^3[ipt is made to record Ihe time during which each wind 
blows, the times of its ehcmges, or its force at any given 
moment, but merely the order of its changes of direction, and 
the integral (^ entire quantity that blows from each point, 
or rather from each rhumb or division of 11^ (»r 22^^ Tlus 
is shown by the length of pendl-trace desciibed in each vertical 
division of the cylinder measured vertically, not following 
the windings of the track. These windings must be neg- 
lected as &ir as they are confiined to one rhumb or division, 
the centre of which correqtonds to one of the 16 or 32 points 
of the compass. All winds, therefore, not deviating more 
than 5^° from any one oi these points, if 32 be used, or 11^^ 
if 16 be used, are regarded as blowing exactly from that 
point. This is a defect common to all anemometers now 
in^:use, but by increasing the number of subdivision^ th^ 
results wiU be more accurate. 
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Having obtained, by means of 
Whewell's instrument, the inte^ 
grals or lengths of line described 
by the pencil in each division 
during a certain period, we may 
lay down these lengths, or pro- 
portionate ones, in their proper 
order and direction, so as to form 
a continued crooked line, which ^'^^ 
expresses all the quantities and 
changes of the wind, and is called 
the type of the wind for that par- 
ticular place and period. Fig. 42 
represents the type of all the wind •^'^ ^ ' 

that bl^w over Plymouth during the month of August and 
part of September, 1 843. Such a line may be regarded as the 
path that would have been described by a vessel drifting 
upon a still lake during that period, provided it moved with 
a speed always bearing a constant ratio to that of the wind. 
If the two ends of this line be joined by a straight line, this 
will show the direction of the resuUarU or average effect of 
all the winds felt at Plymouth during that period, whic^ 
in this case is N. 23^ E., or about equivalent to a S.S.W. 
wind. This average direction is not the prevailing direction 
of the wind, or that in which it most commonly blows ; for 
the prevailing winds may be very gentle, and the greater 
force of those from the opposite quarter may more than 
compensate for their shorter duration, so that the average 
direction as regards the integral, or time and intensity taken 
jointly, may be very different^ or even opposite to the average 
direction, if time alone be considered. In this country, how- 
ever, both these averages have nearly the same direction ; the 
latter, or time average, being equivalent to a wind blowing 
from some point between S. and W. ; and the former, or true 
average, though, apparently very variable when the resultants 
of different months or seasons axe com^QX^^^VxL>SiL^\»^\^ 
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of a whole jear^ its general direotion is found invaiiaJbly te 
run northward, and mostly eastward from the stiirtuig' 
point. In the present state of the inquiry there is some 
discrepancj between the results obtained bj diffegrent instm- 
ments ; WhewelFs placing the mean direction for three yeara 
Clearer N. than E., while Osier's miakes it nea2:er £. than ^. 
The latter is more likely to be correct, because in WheweU's 
instrument the velocity of the windmill-fly does not bear a 
constant ratio to that of the wind, but is more than propor- 
tionately faster in a quick than in a slow wind, so that the 
distance which the pencil descends being proportional to the 
revolutions of the fly, cannot correctly represent integrals of 
wind ; that is to say, the spaces through which it descends 
during two successive periods do not necessarily bear the 
same ratio to each other as do the quantities of wind that 
Jutve passed over the instrument during those two periods. 
This objection is surmounted in Osier's instrument, which is 
driven by a clock, and merely directed or regulated by the 
wind. 

But if Osier's instrument is more oorrect than Whewell's, 
it is more dif&cult to represent the results in the use&l form 
above described. If the instrument be in pertect order, the 
upper trace made on the paper by the pencil c. Fig. 40, should 
be such that its ordinates* are proportional to the velocity of 
the wind ; that is, the ordinates at any two different moments 
should bear the same ratio to each other as did the velocities 
9i the wind at those two moments. In this case the total 
amount of wind passing over the instrument during dif- 
ferent periods, will be proportional to the arejis of the por- 
tions of curve traced during these periods ; that is to say, the 
spaces contained between the curve, the base-line, and the 
two ordinates at the beginning and end of each period. It 
is only by measuring and comparing these areas, that we can 

* The ordinate of any point of the curve, is its least, or perpeQdicular 
distance from the ajcis, or base line, whidi ixk t\A« caae V& >3tA \Ar^ q\*^^ 
fffper. 
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obtsdn the proportion of the integrals of wind daring different 
periods of time. 

To laj down a type of the wind similar to Fig. 42, ^we 
must divide the periods in such a manner, that during 
each period the direction of the wind may have been 
constant or confined within certain limits, such as tvro 
rhumbs or 22^°, or one rhimib, 11^°. For this purpose, that 
part of the register-paper which registers direction must be 
divided by 16 or 32 longitudinal lines, so that when the 
vane points to any one of the 16 or 32 principal points of 
the horizon, the pencil b may rest midway between two of 
these lines. We must then note all the points where the 
pencil-track intersects these Hues, and from every such inter- 
section raise a perpendicular to the top of the paper ; these 
perpendiculars will evidently divide the upper curve, or that 
of force, into portionsf, each of which may be regarded as^; 
belonging to one wind only ; for during its description the< 
wind did not deviate more than 5\° (if we use 32 points, o^^ 
11^°, if we use only 16), on either side of a certain point i 
By ascertaining the areas of these different portions, aUDon 
drawing lengths of hne proportional to those areas, placij^lie i 
those lines in their proper directions and in their pro|iiich 
order, we may obtain a type of the wind more correctly th^op 
by the method before described. jblo^ 

The integrab of the wind have hitherto been referred iDfai 
only as relative quantities, admitting of comparison o^te 
with each other. They have, however, absolute values eaaLil^ 
comparable with our common standards or measures. lihal 
pressure-plate, acting on a spring, as in Osler*s anemomet^i 
be j&zed to an extremity of a long beam, or some machine )aAy 
which it could be moved through the air with any requir|obt 
velocity between 1 mile and 50 miles an hour, it matters D enc 
whether the path be straight or circular, provided the plfl|alsi 
always £Euse the direction in which it moves. If the air Idi^ 
still, the effect on the plate is the same as if it were at refl|bli 
and received a wind of a known velocity upon its s 
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By this means it can be discovered what velocity of wind is 
required to produce any amount of compression on the spring, 
such as may be obtained by placing weights of known value 
OTi the pressure-plate. In this way a scale of the velocities 
or force of the wind may be constructed by the different 
d^rees of compression of the spring, or a fusee or snail- 
shaped pulley, the radii of which vary in such a manner that 
when it is pulled round by a cord from the pressure-plate, a 
circular pulley, fixed on the same axis with it, may move 
through equal spaces for equal differences in the wind's 
velocity ; so that a cord wound round this second pulley may 
pull the registering pencil c, Fig. 40, to such distances from 
the bottom of the paper as shall always bear the same ratio, 
and that a known ratio to the wind's velocity. Some such 
contrivance is necessary before the integrals can be measured 
by means of the areas of the curve. Suppose that the pencil* 
18 one inch from the top of the paper when the wind blows at 
the rate of 10 miles an hour ; two inches when it is blowing 
at 20 miles an hour, and so on ; and that when the paper is 
moved, or allowed to move forward by the driving weight of 
the clock at the rate of one inch an hour ; then every square 
inch of surface included between the curve of force and the 
top of the paper denotes that 10 lineal miles of air have 
blown over the instrument ; so that, by measuring the area 
of any portion of this swcfauce included between any two ordi- 
nates, we find the ahsokUe integral in miles, or the number of 
miles of air that have passed over during the period in which 
that portion of the curve was traced. In this way absolute 
values in miles may be assigned to all the lines which compose 
any type of the wind ; and on measuring by the scale thus 
obtained the length of the resultant or line joining the two 
ends of the type, we obtain not only the direction, but 
also the extent in miles of the entire movement of air pro- 
duced by the combined effect of all the winds that have 
blown during the period for which the tyi^ 'v^a ^sotl^SccvsjjJ^'^. 
Bjr this means it was ascertained that the x«8svii\feKa\» q^ ^J^^Qe^ 
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^winds thart; blew dver Greenwich chxring the year 1841 was 
equivalent to the pBfisage of 47,900 miles of air towards 
B. 289 30' K In 1842 the direction of the ifesnltant was 
E. 27° N., and its length 36,750 miles. By dividing these 
numbers by the* number of houirs in a year, the total efiect 
of the wind in 1841 is found to be eqnivaldiit to a constant 
current towards R 28^ 30' M"., at the rate of 5*4 miles an 
hour ; and in 1842 towards E. 27** N., at the rate of 4*2 
miles an hour ; or in other words, as if there had blown 
during those two years a' constatnt wind from W.S.W. ^ S. 
at 4| miles an hour. 

But the average velocity of the winds at Greenwich 
danng the former year was 18*7, and during the latter 18*3 
miles an hour ; for the whole integrals o£ wind for those 
vears, as shown by the length of their type-line, measured 
along all its windings, was in 1841, no less than 167,322 
miles, and in 1843, 159,950 miles ; showing that the whole 
movement of the adr in this country is about four times a^ 
great as its resultant or effective movem^it. The mor 
variable the wind may be at any place, the smaller the pro- 
portion of it that wiU be efifeotiye f and if these oteerv^tLs' 
could be made on the open ocean within the range of the 
constant trade-winds, the type would probably (when not 
interrupted by a hurricane) be a straight line, and the num- 
bers expressing the total and resultant integrals of wind 
would be equal 

The direction or length of the resultant for any given 
period may be obtained more simply than by laying down 
such a type as "Fig. 42 ; for as the lines in whatever order 
they may be placed will eventually lead to the same point, 
the figure may be simplified by collecting and summing up 
all the integrals that belong to the same wind or point of 
the compass, or that Ml within the same angle of IH° or 
22i^, but the smaller the angle the better ; and then draw> 
ing lines proportionate to the 16 or 32 sums thus obtained, 
which lines placed in any order, but in their proper direc- 
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Pig. 43. 



tioiu^ irill give the same resultant as if the whole t jpe were 
drawn. But as some of the lines tiius drawn are parallel to 
others^ it is not necesflazy to dr»w more than half of them, 
sabtnketiiig from eaeb one that whidi is parallel to it. So 
that whatever number of points be used, the number of 
their integrals can always 
be reduced one-half, by sub* 
trading each non-effective- 
wind, or each one that is 
less than its oppositey from 
that opposite, the re* 
maind^* being alone re- 
tained. Thus, Fig. 43 con- 
tains all the effective lines 
of Fig. 42 treiated in this 
manner, and gives the same 
direction and length of re- 
sultant ; by which means 
much labour is saved. 

Some observers prefer 
finding the resultant, di- 
rection, and length, by tri- 
gonometrical calculation, instead of by construction; but 
in such case, in order to abridge their labour, they not 
only reduce the number of operations one half in the 
way above mentioned (which introduces no error), but 
attempt to reduce their number still lower, in some cases to 
the four cardinal points only, by methods which are more 
easy than accurate. For instance, they add together the 
integrals of all the points between N.R and N. W., with half 
of the N".E. and KW. integrals, and call the sum north. 
'In the same way half the siun of the N.E. and S.R integrals, 
together "with the whole simi of those for the intermediate 
points, is taken as the east integral. This is erroneous, for it 
is evident that, imless the integrals of the winds, thus added 
together, be symmetrically equal, two and two on each sid-- 
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of the cardinal point, their mean direction cannot coincide 
with that point ; and in every case their sum must be 
greater than their resultant, and therefore the value thus 
obtained must always be too large ; and if ever correct in 
direction, it can only be so by a chance compensation of op- 
posite errors. 

The true resultant may, however, be found by calculation ; 
and the method of doing so is by no means tedious or diffi- 
cult. The sum of the integral forces of each effective wind, 
that is to say, the difference of the sums for every pair of 
opposite winds, must, except when it is directed towards a 
* cardinal point, be resolved into two distinct forces, together 
equivalent to itself, but directed towards the two nearest 
cardinal points. This will be effected by multiplying it se- 
parately by two of the following seven constant numbers^ 
which are aU that will be required, for treating in this way, 
the forces for 32 points : 

For a point next a cardinal point 0*98078 and 0*19509 

For the second from do 0*92388 „ 0*38268 

For the third from do 0*83147 „ 0*55557 

For a sub-cardinal point (as S.W.). . . . 0*70711 

In the latter case only one multiplier is used, because the 
two resolved forces are equal In the other cases the larger 
resolved force thus found is directed to the nearest cardinal 
point. 

All the forces being thus reduced to equivalent ones, either 
parallel or perpendicular to the meridian^ all the former 
must be collected together, that is to say^ all the northward 
and all the southward forces must be separately summed up, 
and the smaller of these sums, in this country generally the 
southward, subtracted from the larger, the remainder bein^ 
the whole effective meridional movement of air over th© 
place, and during the time, in which the register was kept..- 
Jn the same manner must the eastward and westward forced 
be collected, and their difference wViii "re^T^^Kofe ^2toka^«W^is 
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effective movement cusroaa the meridian, whicli in this coun- 
try is generally eastward. 

This process might of course he greatly ahridged hy the 
use of logarithms; but to render it intelligible to every 
i^^er we wiU give an example, worked out by the simplest 
rules of arithmetic. 

The total amoimt of wind blowing over Devonport, during 
1842y firom each of the 16 principal points (or within 11|; 
degrees of it), was found to be as foUows : — ^ 

Miles. MUm. MUea. MUes. 

From N... 6,829 E... 7,427 S... 17,000 W. 8.599 

„ N.N.E. 4,289 E.S.E. 4,144 S.S.W. 7,437 W.N.W. 12,788 

„ K.E. 7,482 S.E. 11,488 S.W. 16,586 N.W. 28,400 

„ E.N.E. 2,448 S.S.E. 11,500 W.S.W. 6,156 N.NW. 7,377 

We first get rid of half these numbers, by subtracting 
them, from their opposites, thus :-r- 

MUea. MUei. 

From S 17,000 Prom S.S.W 7,437 

Take N 6,829 Take N.N.E 4,289 

S 10,171 S.S.W 3,148 V 

From W 8,599 From W.N.W..... 12,788 

Take E 7,427 Take E.S.E 4,144 

W 1.172 W.N.W 8,644 

From S.W 16,586 From W.S.W. . . 6,156 

Take N. E. . . I . . . 7,482 Take E.N.E 2,446 

S.W 9,104 W.S.W 3,708 

From N.W 28,400 From S.S.E 11,500 

Take S.E 11,488 Take N.N.W 7,377 

N.W...:... 16,912 S.S.E 4,123 

Of these remainders, or effective forces, two being in the 
direction of cardinal points (S. and W.), require no further 
resolution* The others must be resolved by applying some 
of the constant multipliers given above, only three of which 
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will, however, be required, because in this case tbe wincU 
were only distinguished into 16 clafises inntead of 32, 
thus : — 

Q Q w ^lAaS multiplied by 0-92388 gives 2,808 S. 
&.a.YV. ^^^"^^ \ the Btme xhy 0'ZS2%B « 1,205 W. 

S.W. 9,104 '^^^^H?^" •* If^^' 

* ( X by the same » 6,438 W« 

W 5; w ^ 70fi i '^ 0-92388 = 3,426 W. 

w.o.w. 6y7W I ^ 0-38268 = 1,419 S. 

W N W 8 «44 ^ 0-92388 « 7,986 W. 

w.jN.w. »,<J44 I ^ 0-38268 = 3,308 N. 

XN.w.. io,yiz.| xbythegame = 11,959 N. 

c c T? A 101 i X 0-92388 = 3,809 S. 

^•^•*" ^'^^"^ { X 0-38268 « 1,578 E. 

Collecting all the forces that are parallel, therefore, we 
find : — 

Northward forces. Southward foreea. 

10,171 3,308 

2.808 11,959 

6,438 

1,419 Sam 15,267 

3.809 



Sum N. 24,645 
„ S. 15,267 



Difference 9,378 which is the whole northward movement, in 
' miles. 

J^astward foreea. Westward force. 

1,172 1,578 

1,205 
6,438 
3,426 
7,986 
11,959 

Snm E. 32,186 
„ W. 1,578 



Difference 30,608 which is the whole eastward movement, in 
...J' mU«8. 

Hence' the whole resultant movement is found, by a 
single triangle, either drawn, or calciviilbAAd^ to be towardft 
^ I7''2'N., and its extent S2,Q\^ xml!^ ot «^^ia«s!j.\»\ft%i 
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eonstant wind durmg the whole year from 17° south of west, 
at the rate of 3|^ miles an hour. 

For further information on this subject, we must refer 
to other works, and especially to Sir W. Snow Harris's 
report to the British Association in 1844, on the working 
of Whewell's and Osier's anemometers at Plymouth in 
the years 1841, 1842, and 1843. In the Association 
Report (voL xx.) is a notice of the registers for Mr. Osier's 
new integrating anemometer. A sheet of plain paper, placed 
in the instrument under a registering-pencil, is moved 
forward by rotating hemispherical fans, at the rate of one 
iQch for every two miles of air that passes : this same pencil^ 
having a lateral motion given to it by a vane, records the 
point of the compass from which the wind blows ; and a 
clock hammer descending every hour strikes its mark on 
the margin of the paper to express the time. Thus in a 
single line are given, Ist, the length of the current ; 2ndly, 
the direction of the current ; 3rdly, the time occupied in 
passing a given station marked hourly, or at any shorter 
interval that may be desired. 



NoTX. — On ths Air-Pump Gaugi.* 

The amount of rarefaction in the reodver of an air-panop is measiired 
by the barometer gauge. This consists (A) of a column of mercnrj, 
pressed up through a long tube by the force of the external air, acting against 
the diminishing resistance (as shown in fig. 7| p. 21), or (B) of an already 
existing mercurial column, similar to the barometer, which, being placed 
in connection with the receiver to be exhausted, will gradually fall as the 
air is withdrawn. In the thort barometer gauge this column is only 10 
or 12 inches high, so that it does not begin to act nntil the air in the 
receiver is exhausted to the point at which it will support that height of 
mercury. 

1. To obtain the altitude of the column sustained by the air in the 
receiver, subtract the height of the gauge (A) from the height of a 



* Abrid^d from an M.S. oommunicatioii to t)^<6 uxk^^tst^V^ ^\k^ • 
Snow Harris, 
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standard barometer at the time ; or take the altitade of the colomn (B), as 
shown above the cistern. 

2. To obtain the density, elasticity, or quantity of air left in tbe 
receiver, divide the height of the mercurial column in the gauge by the 
standard barometric altitude at the time. 

3. To obtain the proportional quantity abstracted from the receiver^ 
divide the gauge indication by the standard barometric altitude at the 
time. 

4. To obtain the degree of exhaustion, or times of rare&ction, divide 
the standard barometric altitude by the column sustained by the receiver. 



Gauge Indi- 
cations, 
being Ele- 
vation of A 
or Descent 
OfB. 


Column 
sustained 

by the 
Air in the 
Receiver. 


Elastic 
Force of 
Air ui the 
Receiver. 


Ratio of Indi- 
cation of 
Gauge to the 
Standard Ba- 
rometer at 30 
ins., or quao* 
tity abstracted. 


Ratio of Co- 
lumn sustained 

to the Baro- 
metric altitade 
at SO inches, or 

Quantity in 
Receiver. 


Degree of 
Exhaustion 

or 
Rarefaction. 


Inches. 



Inches. 
30 


lbs. 
15 





1 =lg 


Times. 



1 


39 


14*5 


1^5 


IS 


H = 1-04 


8 


38 


14 


^ = ^ 


IS = « 


If = 1-07 


5 


25 


12*5 


A = i 


l*= 1 


II = 1-2 


10 


20 


10 


4§= i 


l§= 1 


II = 1-5 


15 


15 


7-5 


l§ = 4 


11= i 


«= a 


SO 


10 


5 


l?= 1 


i§= 4 


l§= 3 


25 


5 


8*5 


«= I 


A= 4 


V = 6 




Anc 


Isoouupto 


the never attai 


ned limit, 




SO 


1 


1 


1 «= I 


1 /ff= 


V = « 



N.B. — If the barometer be more or less than 30 inches, substitate the 
quantity indicated for 30 and alter the fractions accordingly. 



THE END. 
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NATURAL PHILOSOPHY, 

FOR THE USE OF BEGINNERS. 



''This little Book is the first of a series of scientific treatises, which 
promise well. Mr. Tomlinson's * Introdaction to Nataral Philosophy ' 
is broad and general, taking a summary review of the leading principles of 
those sciences, which are afterwards to be more fdlly expounded. Al- 
though dealing with striking examples in Natural Philosophy, the facts 
are made subservient to the principles they illustrate, and are used, not 
for themselves, but the laws they establish. Astronomy, and its geo- 
metrical proofs, the properties of matter, optics, sound, and other 
branches of natural philosophy, are exhibited in one or more remarkable 
examples of profound and conclusive discovery by man, of the laws of 
nature, illustrated, where needful, by diagrams. Although designed for 
popular circulation, and to stimulate the popular mind, there is no evasion 
of difficulties in Mr. Tomlinson's Introduction. Having done an author's 
part in making the exposition as plain as he can, he calls upon the reader 
to do his, and give attention to the task. The book is remarkably cheap, 
looking at its kind ; and such, we suppose will be the character of the 
series."— iSjpec/a/or, Sept.*23, 1848. 

** Mr. Tomlinson's Natural Philosophy is a very masterly performance ; 
exact, lucid, and (beyond most works of the same class) interesting. It 
has its * Preface,' too ; but one which is, happily, of the same grain with 
the work, and contains a piece of advice to ' the reader * of so just and 
sensible a character, and of such general application to the readers of all 
scientific works, that we beg to indorse it with our heartiest concurrence. 

'** But if scientific men are disposed to prepare popular treatises, and 
intelligent publishers to issue them, at a price sufficient to bring them 
within the reach of every one, it is not too much to expect the co-opera- 
tion of the reader in carrying out so praiseworthy an object. The reader 
must be prepared to bestow a higher effort of mind in the perusal of the 
work than is required for the appreciation of a romance, or even of a 
treatise on popular tciencCf as this term is often understood. He must be 
prepared to study the work, and not merely to glance over its pages. If 
he find it difficult on a first perusal, let him ||We \t ti. cacjotA^ oit ^^(^cs^^^ 
and we may venture to assure him that bia labour ^rSViiO\.\i^TK»«^^^^»^^ 
—MecAanici* Magazine, Dec. 9, 1848, 



Natural Philosophy — continued, 

** Carefully written, and amply illustrated/' — AthemeUm, Dec. 30, 
1848. 

** Though there is no ' royal road * to science, yet it must be confessed 
that the paths which conduct the student to her temple, have been so well 
macadamized, and so many finger-posts have been erected by the way, 
that none but the incompetent or the indolent need despair of arriving at its 
threshold. The volume before us, parvA sed apta^ is one of tJiese service- 
able finger-posts erected by one who is thoroughly familiar with the road, 
and competent to offer valuable advice and assistance to younger and 
feebler wayfarers. ' To excite an interest in the study of principles by 
making facts and details subordinate to this higher aim ' was the object 
proposed to himself by the author in preparing this treatise for publication; 
and we should think that object will be found to have been generally 
accomplished with the most complete success. Taking the student by the 
hand, Mr. Tomlinson conducts him by a gradual ascent through all the 
stages of physical science, expounding the laws of nature in language clear, 
perspicuous, and intelligible to the most ordinary capacity, and offering at 
one compendious view, the accumulated but simplified results — the facts 
and principles which have been established by the observations and expe- 
riments of generations of natural philosophers. As a class-book for 
schools, this work will be found of the utmost value, and the low price 
at which it is published is not the least among its recommendations to the 
favourable notice of the public. Mr. Tomlinson is, we believe, so well 
known in this neighbourhood, that his name upon the title-page will be 
accepted as a sufficient guarantee of the character of any scientific work he 
may put forth.''— iSa/»&tfry Journal^ Dec. 1, 1849. 



By the sa/me Author, 
A SECOND EDITION OF 

RUBIMENTART MECHANICS, 

BEING A CONCtSE EXPOSITION OF THE GENERAL PRINCIPLBS OF 
MECHANICAL SCIENCE, AND THEIR APPLICATION. 



''The Rudiments of Mechanics is by the same able hand of whose execu> 
tion of the part devoted to Natural Philosophy we felt called upon to 
speak in very high terms. The style of Mr. Tomlinson's lessons i^i 
altogether excellent, exact, and impressive, where principles are to be| 
enunciated ; copious, circumstantial, and yet clear, where the application; 
of principles to practice has to be exemplified. * * * We are nod 
aware of any other treatise on mechanics with the same quantity or 
matter, and with so many engravings, which is to be had at so low ei 
price." — Mechanics* Magazine, April 21, 1849. oJ^^ 
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